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QA‘I.uus. spleen, thymus, adrenals and mesenteric spreads. Csellular XMA and
protein levels were assayed using azure B~RNA and Coomassie-protein cyto-
photomet™y; DMA and chromatin alterstions were quantified using Feulgen-DHA
cytophotometry and ocular filar aicrometry. Correlative diochemical dats

were obtained on changes in circulating histamine and corticosterome levels.

In vitro studies were also conducted of nucleic acid-protein responses of
cultured sndothelial cells subjected to T-2 toxin using pyronin Y-fiuorescence,
flow cytofluorometry, azurs D-RNA cytophotometry and cytointerferometric assay
of protein. Major findings supported by the overall study are as follows:

(1) Both id vivo and in vitro studies indicate the arteriovascular
endothelial cell is highly susceptible to T-2 toxin-induced cytotoxicity.
Endothelial cell injury thus constitutes the i{nitial event which precipitates
subsequent pathogenic effects in major target sites of T-2 toxin actiom.

(2) The heart and intestine constitute major target sites of acute T-2 toxin
poisoning. Specific cardiotoxic manifestations include endothalial dias-
Tuption, edema and depletion of myocardial protein content. Major emtarotoxic
effects include edema snd lesion formation in germinal centers of Peyers patches
and disruption of crypt epithelium.

(3) Although the kidney and liver of T-2 toxin challenged rats exhibit
moderate extents of cellular injury, thesa sppear to be less prome to ujuty
than utdinvuculn. eateric or hemopoZetic tissue compartments.

(4) Massive degranulatiocn of mast cells and elevated plasma histamine levels

are sn important aspect of T-2 toxin poisoning and probably axacerbate the

extent of toxin-induced impairment in cardiovascular functioning. The absence

of a toxin~induced elevation in corticosterons release say also de a contributing
factor in making vascular cadothoual cell membranas mors prone to injury.

(3) With respect to mmtmc effects of T-2 toxin, it appurs that
B-dependent lymphoidal compsrtments are wore severely affscted than T-dependent
rtegions. This suggests that & suppressionm of humoral (sntigen-antidody) defense
mechanisme u aoTe severe than impairsent of cell mediated lmhocytic immune

Tesponses.

(6) In most major and ucondnry target sites, inhidbitiom of protein synthesis
is the primary cellular mschanism of T-2 toxicant action, since the extent of
protein depletion is more severe snd often precedes suppression of RNA synthesis
and/or the inhibition of chromstin template activity. However, in sowe cells
such as tha msst cells and arterisl endothelial cells, cytotoxic effects of

T-2 toxin probably stem from direct injury to the plaswma membrane.
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SUMMARY

Cytophotometric analyses were made of nucleic acid-protein
responses in known and putative target tissues of adult male
Sprague-Dawley rats injected intraperitoneally with T-2 toxin, a small
molecular weight trichothecens mycotoxin at dosages of 0.75, 1.0, 1.5
and 6.0 mg/kg (1 LDyg = 0.9 mg/kg). Animals were decapitated during
acute (2-8 h) or delayed (7-28 d) intervals after exposure. Tissues
removed and processed for subsequent microchemical and cytonorphologicul
analyses 1nc1udnd the heart, cecum, liver, kidney, lungs, splesn,
thymus, adrenals and mesenteric spreads. Cellular RNA and protein
levels were assayed using azure B-RNA and Coomassie-protein
cytophotometry; DNA and chromatin alterations were quantified using
Feulgen-DNA cytophotometry and ocular filar micrometry. Correlative
biochemical data were cbtained on changes in circulating histamine and
corticostsrons levels. In vitro studies wers also conducted of nucleic
acid-protein responses of cultursd endothelial cells subjectsd to T-2
toxin using pyronin Y-fluorescence, flow cytofluorometry, azure B-RNA
.cytophotometry and cytointerferometric assay of protein. Major findings
supported by the overall study are as follows: ' '

(1) Both in vivo and in vitro studies indicate the arteriovascular
endothelial cell i{s highly susceptible to T-2 toxin induced .
cytotoxicity. Endothelial cell injury thue constitutas the initial
svent which precipitates subsequent puthogonic effects in major target
"sites of T-2 toxin action.

(2) The heart and inteatine constitute major target sites of acute T-2.
toxin poisoning. Specific cardiotoxic manifestations include
sndothelial disruption, edema and depletion of myocardial protein
content. Major enterotoxic effects include edema and lesion formation
in germinal centers of Peyers patches and disruption of crypt epithelium.

(3). Although the kidney and liver of T-2 toxin challenged rats exhibit
modarate extents of cellular: injurr, these appear to be less prone to
injury than cardiovascular, enteric or hemopoietic tissue compartments.

"(4) Massive degranulation of mast cells and elevated plasma histamine
levels are an important aspect of T-2 toxin poisoning and probably
exacerbate the extent of toxin-induced impairment in cardiovascular
functioning. The absence of a toxin-induced elevation in corticosterone
release may also be a contributing factor in making vascular endothelial
cell membranes more prone to injury.

(5) With respect to {mmunotoxic effects of T-2 toxin, it appears that
B-dependent lymphoida. compartmeénts are more severely affectsd than T-
dependent regions. This suggests that a suppression of humoral
(antigen-antibody) defense mechanisms is more severe than impairment of
cell mediated lymphocytic immune responses.




(6) In most major and secondary target sites, inhibition of protein
synthesis is the primary cellular mechanism of T-2 toxicant action,
since the extent of protein depletion is more severs and often precedes
suppression of RNA synthesis and/or the inhibition of chromatin template
activitcy. However, in some cells such as the mast cells and arterial
endothelial cells, cytotoxic effects of T-2 toxin probably stem from

direct injury to the plasma membrane.




FOREWORD

The research described herein was conducted during the 1 February
1986 to 30 September 1986 interval and was supported by the U.S. Army
Medical Research and Development Command under contract No. DAMD
17-86-C-6101, project title: "Use of Nucleic Acid - Protein
Cytophotometry and Cytointerferometry in Characterizing Cellular Mode of
Trichothecene Toxicant Action". The Principal Investigator of this
contract vas Adam Anthony, .D., Professor of Zoology, with Dr. T. M.
Hollis acting as coinvestigator and Lee J. Martin, Fh.D., as Research
Associate and Project Asaijtan:.

Acronyms and other scientific terms (indicated by the symbol t when
first used) are defined in the glossary. Consecutive numbers are used
for text citations. Publications, list of persomnel receiving contract
support and individuals receiving graduate degrees vhose work wvas
supported in part by the subject contract are ircluded on page 5.

All aicroscopic and analytical histochemical analyses of tissues from
T-2 toxin treated rats were carried out in the Histochemistry-Physiology
Laboratories, Department of Biology, The Pennsylvania State University,
University Park, PA 16802.

Persormel who actively participated in various aspects of this research
include Adam Anthony, Ph.D., Theodors M. Hollis, Ph.D., Lse J. Martin,
Ph.D., Jeffrey Doebler, Ph.D., Young Kim, M.S., Gary Pritchard, M.S.,
Kraig Sturtz, M.S., Tracy Collins, M.S., Patricia Wilson Witherspoon,
M.S., Joseph Iobst, M.S., Robert Fanning, M.S., Earl Nollenberger,
D.Ed., Joseph Morse, B.3., David Cherniak, B.S., and Mark Hoover, B.S.
We also wish to acknowledge Randal Blank, Ph.D., who aided in the
histamine analyses and in vicro cycofluorometric assay of nucleic acid
responses in T-2 treated cell cultures. Special recognition is given to
Mrs. Mary Alice Shea for typing and editorial assistance.

Citations of trade names and commercial organizations {n this report do
not constitute an official Department of the Army endorsement of the
products or servicss of these organizations.

In conducting the research [described in this report, the investigators
adhered to the "Guide for the Care and Use of Laboratory Animals" of the
National Institutes of Health, NIH Publication No. 85-23 (Revised 1985).
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BODY OF REPORT

(i) Statemsr: of the Problem

It is well documented that trichothecenes, including T-2
toxint, elicit a diverse array of pathological responses in
cardiovascular, hamopoietic, gastrointestinal, neural, endocrine and
reproductive tissus compirtments. The most severs cytotoxic alterations
occur in tissues with actively dividing cells and reportedly stem from
an inhibition of protein synthesis. Howaver, large gaps exist in our
understanding of primsry versus secondary target sites of intoxicatiecu
and the time-course of pathogenesis in such compartments. Especially
lacking are in vivo studies of T-2 toxin-induced cardiotoxic aiterations
in relation to impairments in furctioning of other homeostatic organ
systems within the same animal.

Thus, & major focus of the present study was on characterizing
T-2 toxin induced alterations in regulatory aspects of macromolecular
biosynthesis in cardiovascular cell elements using in vive and in vitro

. model systems. Corralative in vivo studies were also undertaken of

nucleic acid-protein changes in neural, adrenocortical, hepatic,
{ntestinal and other tissue compartments to obtain a2 more comprshensive
assessment of the overall systemic organ-systea responses associatod
with acute and delayed T-2 toxin poisoning.

The scope of work and specific objectives involved the
following: .

1. Quantification of chromatin, RNA? and protein changes in
myocardial cell elements following boeth in vivo and in vitro T-2 toxin
exposurs. The aim of this phase of work was to determine whether the
heart constitutes a primary target site of T-2 toxin action; also to
identify specific cell types prone to injury and obtain insight relating
to the cellular mode of action.

2. Characterization of dose-dependent cytopathic and nucleic acid-
protein changes in brain, liver, kidney, intestinal and adrenal tissue
compartments. The aim of this phase of the study was to ascertain the
minimum effective dosages of T-2 toxin which elicit acute or subacute
cytomorphologic or biochemical (e.g. RNA-protein depletion) lesions in
putative target sites of toxicant action. ‘

3. Supplemental data were also collectad on overt behavioral
responses, circulating corticosterone ind histamine levels, mesenteric
mast cell degranulation and physiclogical parameters such as blood
pressure to further elucidate the systemic and cellular mechanisms which
precipitate cardiovascular shock.

$Terms followed by daggers are d=fined in the Glossary, p 67
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The iljor analytical approach entailed use of scamning-intagrating
microchemical cytophotometric assay of chromatin, DNA{, RNA and protein
changes in microscopically defined regions of various tissuss. Since the

—— e

o

e

histochemical methods are non-disruptive, the nucleic acid-protein
responses could be related to cytomorphologic manifestations of
cytopathology. Also, removal of various representativs tissuss from
sach animal, enabled the evaluation of cardiovascular responses in’
relation to the pathophysiological state of other organ systsaus
within the same individual animal. In effect, the analytical
approach used constitutes s "within animal assay® of mucleic acid
ragponse patteros vhere each rat serves as its own control with
respect to anal ;ses and interpretations of organ-system intsractions
following acute intoxication.

(2) Background

. Current concepts of the physiopharmacological mode of
toxicant action of trichothecens mycotoxins all implicate a direct
binding to and interference with the synthesis of macromolecules. -
For example, it has been postulated that the inhibition of peptide
synthesi{s stems in large part from an impairment in both the '
initiation and termination reactions of the ribosomal-protsin
syuthetic cycle (1,2). Trichothecenes also inhibit DNA synthesis,and
thers have been sporadic reports that mycotoxins may exert mutagenic
effects; however, very littls detailed information is curremtly
available regarding the mechanism involved in suppression of DNA

“synthesis or on the potential mutagenicity of mycotoxins In vive.

It should be notad that to date most of the information
relating to purported modass of action of mycotoxins at the cellular
level is based on in vitro model systems. In vitro cultures of
eukaryotic cell systems have received extensive use and have proven
especially valuable in screening of toxin producing fungi,
fractionation of toxicants from fungal metabolites and evaluation of
comparative toxicities of chemically related analogues. On the other
hand, the in vitro approach has not proven as fruitful in ylelding
precise information which can be extrapolated to the in vive state,
i.e., providing predictive data relating to the sequence of metabolic
and cytopathic responses of the intact organism to T-2 toxin. The
reason for this is clear. In in vitro systems, toxicity is limited
solely by membrane solubility of the mycotoxin and the susceptibilicy
of the cultured cells. Factors such as detoxification or
biotransformation into more highly toxic forms, rsgional and systemic
variations in delivery of toxic metabolites, and compensatory
metabolic responses occurring at cellular or organismal levels can
only be studied using in vivo approaches. At present, however, very
scant information is avallable regarding in vivo metabolic and
cytopathic responses of various organ systems of T-2 toxin.

Within the past several years, a number of experiaents were
conducted in our .laboratories involving in vivo studies of metabolic
responses of various tissues of rats exposed to the

16



trichothecense T-2 toxin. The central objective of these studies was to
obtain more definitive information relating to acute T-2 toxin-induced
changes in DNA, RNA, and protein metabolisa in cardiovascular,
hemopoietic, gastrointestinal, hepatic, renal and neural tissue
compartments. Specific aims of these feasibility studies were to:

1) chararacterize in more detail the prescise nature of alterations in
transcriptional-translational capabilities of various organ-systems in
vivo; 2) identify specific cell types undergoing metabolic
transformation and incipient degeneration; and 3) relate dose-dependent
metzbolic responses to cytopathic or overt manifestations of toxicity.

In addition to documenting the feasibility of using .
microscopic cytophotometric procedures in toxicological studies of the
cellular mode of sction T-2 toxin, evidence was obtained supporting the
existence of injury to both nuclear and cytoplasaic (ribosomal)
components of myocardial cells.

Although thers have been numercus reports relating to systemic
effects of T-2 toxin and other trichothecenes, most of these simply
document the preserice of lesions or histopathological alterations in
various organs. No studies were found which involved use of qualitative
and/or quantitative histochemical analyses of nucleic acid-protein
response patterns in various target sites of T-2 toxicant action. Also,
the nature and time-course of acute and subacute effacts of T-2 toxin on
such organs as the heart, liver, kidney and brain are poorly documented

(3).

It {s generally conceded that irrespective of route of
administration (oral, topical, parenteral), T-2 toxin is rapidly
disseminated  throughout the body with highest concentrations found in
the liver and kidney within hours after toxin challenge. Most workers
also are in agreement that in vivo as in vitro the initial biochemical
lesion is an inhibition of cellular protein synthesis involving T-2
toxin binding to ribosomes and blockage of peptidyl transferase
activity, the key step invelved in the initiation phase of protein
synthesis (1,2). The widespread toxic effects observed in vivo,:
including necrosis in enteric, hepatic and other body compartments are
presumed to be directly related to T-2 toxin inhibition of protein
synthesis and subsequent impairment in RNA synthesis, However,
supportive evidence that this is what occurs in vivo is'lacking since,
to date, most studies focusing on the cellular mode of trichothsecene
toxin action have involved use of cell culturs model systems.

In view of the foregoing considerations, the research
described in the present report was designed to obtain more definitive
confirmation that in vivo as in vitro the primary biochemical lesion
underlying cytotoxic and lethal actions of T-2 toxin is an impairment in
regulatory aspects of protein and nucleic acid biosynthesis. An equally
izportant aspect of the experimental design focused on quantification of
nucleic-protein response patterns in several putative organs (i.e.,
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brain, heart, liver and adrenal glands) which havn not been extensively
studied by previous workers.

(3) Rationale Used in Current Study

A major impetus for initiating the current study was the
availability of requisite instrumentation and capability for quantifying
nucleic acid-protein responses in several vital organ-system
compartaents in animals treated with T-2 toxin. This approach thus
enabled the testing of several hypotheses relating to the ceilular mode

of action of T-2 toxin.

For example, one hypothesis holds that in vivo as in vitro the
infcial biochemical event which precipitates cytotoxicity is an '
inhibition of protein synthesis and RNA depletion in a secondary effact
resulting from an impairment in regulatory mechanisms of macromolecular
metabolism. The research strategy used to test this hypothesis, and
also to identify primary versus sscondary target sites of T-2 toxin
action, sntailad use of cytophotometric mearures of DNA, RNA and protein
response patterns in various tissue compartiments. Evidence is presented
that supports this hypothesis, at least with respect to target sites
g such as the heart.

Py

‘A second hypothesis formulated at the onset of the research
was that an {mportant aspect of acute T-2 toxin poisoning involves the
' releass of vasoactive substances such as histamine, thersby contributing
to vasodilatation, hypotension and blood stasis.  This also wvas
validated by cytophotometric analyses cf mesenteric mast cell
granulation and biochemical assay of circulating plasma hiscamine
concentration; both responses proved to be dose- -dependent in T-2 toxin

treated rats .

Selection of the specific cytochemical nuclaoic acid probes
which were used, {.e., Feulgen-DNA!, and azure B-RNA!, was based on the
fact that these have been extensively validated and widely used in a
variety of studies of transcriptional-translational aspects of metabolic
alterations associated with normal developmental as well as various
disease processes (4,5). Scanning-integrating microdensitometry! was
adopted as the major analy*ical method since this constitutes among the
most sensitive techniques currently available for quantification of
alteratisns (in picogram or femtogram lavels) of organic constituents on
an individual cell basis with no disruption of the histomorphological
integrity of tissues being analyzed. .

Parallel aicrochemical analysis of T-2 toxin induced
alterations in nucleic acids in relation to morphological manifestations
of histopathology i{s especially useful for several reasons. It allows
comparisons to be made of the time course of biosynthesis of
macromolecules at the cellular level in relation to vascular injury
mediated-inflammatory responses within various target tissue
compartments in the same animal. Furthermore, it permits more
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meaningful interpratations relating to the cellular mode of toxin action
in preacipitating impairments in regulatory aspects of DNA-template
and/or ribosomal-protein synthetic sctivities in relation to vascular
injury mediated-inflammatory ieactions.

An equally ilmportant resson for undertaking the presant study
was the recognition that there is no specific prophylaxis or therapy of
trichothecens poisoning which is effective. This stems in large part
from the multi-organ pathology which occurs with trichothecene
intoxication and insufficient information un primary versus secondary
target sites of toxicant action. It was falt that the use of
microchemical probes In assessing the sevurity of T-2 toxin-induced
impairment in macromolecular synthesis in known and putative target
sites would provide useful information relating to systemic changes
which ultimately precipitate cardiovascular shock. Such information is
sssential for rational dscision making in the development of appropriate
drugs for enhanced protection beyond that provided by current methods of
medical defnese against trichothecene toxic sgents.

(4) Experimental Methods

Adult male Sprague-Dawley rats (Hilltop Labs) weighing 200-220
g vere used for in vivo studies of acute (8-12 h) and delayed (1 to 3
wks) effects of a single intraperitoneally (ip)! administered injection °
of purified T-2 toxin (Sigma). A total of 240 rats was used in six
separate experimental runs focusing on quantitative nucleic acid-protein
responses in cardiovascular, neural, hepatic, lymphoidal 'and enteric
tissue compartments. A wice range of dosages was used, {.s., sublethal
(0.5-0.75 mg/kg), near-lethal (0.9-1.5 mg/kg) and lethal (6 mg/kg) dosas
prepared in ethanol and injected in a final volume of 0.5 ml/kg body
weight; the LD¢g! dose was predetermined to be 0.9 mg/kg by body
weight. Specific doses, nuaters of animals i{in different treatment
groups are presented in appropriate tables in the Results section for
various tissues which were analy:ed.

In all experiments, an assembly line procedure involving
participation of 6-8 individuals vas employed to expedits removal and

. fixation of tissues immediately after decapitation, i.e., within three

min. of the designated kill time. Basically, the tissus processing and
staining protocol was as follows: '

Rats were killed by decapitation at designated times and
various tissues removed, cut into smaller pieces and fixed in 10%
neutral buffered formalin at 4C for 24 h; these were paraffin processed
and seriaily sectioned using a calibrated microtoms. The following
tissues were obtained from 5-6 representative rats per treatment group:
heart, brain, spleen, thymus, small intestine, cecum, liver, kidney,
adrenal and mesentery. - '

Several types of'stdining procedures were used: 1)
conventional differential staining using hematoxylin-eosin (H & E)!
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Papanicolaou or Mallory triple stain for analyses of cytomorphological
alterations; 2) analytical stoichiometric staining for subsequent
quantification of macromolecular changes, i.s., the Feulgen nucleal
reaction! for chromatin and DNA changss (6,7); the azure B reaction for
RNA (8,9); and the Coomassie brilliant blue! reacrion for total protein
(9,1C,11). Specificity of nucleic acid staining was confirmed using :
control sections treated with DNase! with and without RNass! prior to
azure B-RNA or Feulgen DNA staining.

Cytophotometric analyses of cellular chroumatin, RNA and
protein content in knownh and putative target sites of T2 toxicanu
action were made using a Vickers M385a scanning-integrating
microdensitometer (Vickers Instruments, Maiden, MA) as described
previously (7,9). A variable ficld delimiting mask sperture was used
to isolats and delimit individual cells being analyzed. Measurements
wvere made at a magnification of 1000X at the absorptica maximum of
Feulgan-DNA (540 mm), azure B-RNA (580 nm) or Coomassie protein (595
nm). It was ascertained that the sxtent of error in nucleic
acid-protein measurensnts attributable to differences in section
thickness (<2%) or instrument performance (<1ls) i{s negligibls rslative
to the normal extent of intercellular variability (ca. 20-30%; in
levals of RNA and protein in tissues under analysis. .®

Correlative data were also obtained on dose-dependent .
alterations in circulating plasma histamine levels in T-2 toxin treated
rats at 3 h post-injection using the enzymaric-isoteopic aicroassay of

. Taylor and Snyder (12) as modified by Shaff and Beaven (13). Briefly,

this histanine assay is based on the methylation of histamine by added
histamine methyl-transferase (MMT) and (3H)-labelled
5-adenosyl-L-methionine, [3H]SAMe (Hew England Nuclear), {n the
presence of cofactor pyridoxyl-5’-phosphate (Sigma). Because the
methylation of tissue histamine to N-msethylhistamine is uniform, one
can readily measure nanogran levels of histamine after separation of
the [3H] methylhistamine from [3H]SAMe by extraction into a 20% isoamyl
alcohol/80% toluene mixture, adding the extract to scintillation vials

' "with Formula 963 (New Englund Nuclear) and counting using a liquid

scintillation counter (Tri-Carb 406C, Packard Instr. Co., Downers

‘Grove, IL). .Similar enzymatic-isotopic analyses of histamine levels

were made using homogenates of Ipng and cecum tissue.

. To obtain an independent assessment of T-2 toxin induced
mobilization of vasoactive substances and relate this to plasma
histamine levels, quantitative analyses of mesentsric mast cell
degranulation were undertaken. This entailed use of metachromatict
staining of mesentaric spreads affixed to slides and the
cytophotometric assay of Kelly and Bloom (14,15) to determine the
extent to which the release of autcacoids! by mast cells in loose
connective tlssue compartments follows a dosa-dependent response
pattern during acute T-2 toxin exposure. :
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Several in vitro experiments were also conducted using
cultured bovine aortic endothelial cells (BAEC)T and smooth musclé cells
(sMC)? exposed to T-2 toxin. The major focus of this facet of the
overall study was to investigate the effects of T-2 toxin on RNA levels
c¢f BAEC using the pyronin Y-RNA flow cytofluorescence assay described by
“hapiro (16). Briefly, this entalled the following methodology:

Endothelial cells were i{sclated from the thoracic aorta of .
maturs bovine females. Aortas were aseptically excised from the animal
immediately following slaughter, placed in ics-cold sterile Hank's
Balanced Salt Solution (HBSS, Flow Laboratories, MclLean, VA) with 100
U/ml penicillin-streptomycin (Flow Laboratories). After a rinse in
sterile HBSS, the sortas were cleaned i adventitia and given a final
rinsa in calcium- and magnesium-free HBSS. One end of the asortic
segnent vas clamped with large hemostats; the intercostals ware closed
with sterile ssraphines. A volume of 0.1% collagenass-dispase
(Boehringer-Mannheim Biochemicals, Indianapolis, IN) and 0.15% trypsin
(Sigma Chemical Company, St. Louis, MO) in calcium- and magnesium-free
HBSS sufficient to £ill the lumenal space was pipettad through the open
end of the aortic segment. The closed aorta was incubated for
approximately 15 minutes at 37°C in 5% CO; and agitated by gentie
rolling during this period. The aorta was opened and the rssultant cell
suspension vas pipetted in 10 ml aliquots to 15 ml centrifuge tubes
containing 5 ml Minimum Essantial Medium (MEM, Flow Laboratories) .
supplementad with 108 fetal bovine serum (Sterile Systems, Logan, UT) to .
inhibit further proteolytic activity.. Each tube was centrifuged for §
minutes, the supernatant discarded, the pellet resuspended in the serum-
supplemented MEM and plated at 50,000 cells/ml in 75 cm? tissue culture
flasks (Costar, Canbridge, MA). Cultures were then incubated with 5%
C0; in air and grown to confluency.

Bovine aortic smooth muscle cells were the generous gift of
Drs. Patricia D‘’Amore and Alicia Orlidge of Children’s Hospital, Boston.

Endothelial and smnoth muscle cells were plated at a seeding
density of 20,000 cells/co? in 25 cm? tissue culture flasks and grown in
MEM supplemented with 108 serum. Cultures of both cell types were grown
to an approximately conflusnt state at which point test reagents were
added to the culture medium.

Pyronin Y! staining and flow cytometric analysis were
conducted using the method dascribed by Shapiro (16). Briefly, cells
were removed from the culturs vesssl by treatment with 0.15% trypsin in
HBSS, washed, suspended in 1 ml MEM, and fixed with the dropwise
addition of 100% ethanol in equal volume. Fixed cel)ls were then washed
and resuspended in HBSS. Appropriate samples were treated for 30 min at
37°C with 6.25 U/ml RNase (Boehringer-Mannheim). Pyronin Y at a final
concentration of 5 uM was then added to all samples which were kept on
ice for 45 minutes before flow cytometry.
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Statistical analyses of data were performad using analysis
of variance (ANOVA), Duncan’s multiple range test and the
heterogensous x2 test. When the ANOVA F-test revealed significant
differences betwsen group means, the data were further analyzed
using Duncan’s test. In addition, individual RNA and protein valuss
were examined in conventional frequency distribution profile form.
Histograms wers constructed to demonstrate the frequency occurrence
of neurons containing low, moderate and high RNA and protein levels,
with the moderate category arbitrarily designated as that portion of
the neuronal population wvhere individual RNA and protein values fall
within the range of ethanol-control mean *1.0 standard deviatiom;
low and high RNA and protein categocies thus represent neurons with
measured values for these cytochemical parameters which were less or
greater than one deviation from the respective control mean valus.
Differences among distribution profiles wers then compared using the
heterogeneous x® test. In all analyses, probabiliticl of 5% were
interpreted as statistically significant.

(5) Results

To facilitate presentation, the overall toiulcl from
various subprojects are summarized under four headings entitled: 1I.

Cardiovascular Eftects of T-2 Toxin; II. Neurotoxic Effects of T-2 '

Toxin; and III. Other Systemic Effects of T-2 Toxin. Also, in
instances whers data have been published or are in press, brief
summaries of major findings and conclusions sre preserted with
appropriate refersnces to specific publicationl containing
supportive documentation.

I. Cardiovascular Effects of T-2 Toxin

1. Overt and Microscopic Manifestations of Cardiotoxicity

A consistent feature of acute T-2 toxin poisoning at
necropsy was a prominent venous congestion in visceral organs and
mesenteries in rats sacrificed at 8 h post-injection. As
anticipated, the extent of congestion was more severe in the higher
dosage ireatment groups (1.5 and 6 mg/kg). In the 6 mg/kg group )
rats wers killed when they shoved signs of respiratory collapse and
impending death (5-6 h); thess typically exhibited gross hemorrhagic
ulcerations on the serosal surface of the small and large intestine
and bloud in the intestinal lumen. Several rats receiving lathal
doses of T-2 toxin also exhibited focal hemorrhages in the heart and
lung.
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Microscopic analysis of differentially stained myocardial sections
revealel the presence of interstitial edema notably in the endocardial
region. This was manifested in a separation of muscle 1ascicles and a
widening of the subendothelial compartment by clear acellular spaces.
The extent of myocardial edsma was most severe in rats exposed to the
highest dosage (6 mg/kg) and was associated with focal regions of
sarcolysis, i.e., reduced basophilict staining and "cloudy swelling"
appearance of sarcoplasa. Thers vas no evidence of lymphocytic
infiltration into the interstitial compertment. Coronary blood vessels
were typically ungorgud vith a widening of adventitial spaces; again
this vas most severs in the higher dosage groups indicative of
endothelial injury, increased permeability and extravasation of plasma
into the interstitium. In rats given a 0.9 LDy, dose which were killed

. seven days later, Mallory stained sections revealed an hyperchromaticity

of muscle fascicles bordering the tunica intima; however, the extent of
interstitial edems was less pronounced than vas cbserved during the
acute (8 h) post-injection interval in rats injected with near-lethal
(1.0-1.5 LDgg) doses of T-2 toxin. Nuclear manifestations of
cardiotoxicity which were visually discernible included nuclear
hypertrophy and chromatin condensation!. Again, nuclear chromatin
alterations vers more pronounced with near-lethal and lethal dosages.

2. Cytophotometric Analyses of Chrcmatin and Macromolecular Changes

Among the parameters used to quantify T-2 toxin-induced
cardiotoxicity included: (a) nuclear arsa and photometric area as an
indicator of nuclear size changes and of chromatin dispersiont; (b)
Feulgen DNA levels and shifts {n relative abundance of myocardial cells
exhibiting low and high affinities for nuclear F-DNA staining(F-DNA

,toactivi:y)f, (c) myocardial RNA levels; and (d) myocardial protein

levels. Tabular and graphic summaries of data are prosnntod in Tables
1-4 and Figures 1-3.

Major findings supported by these data are us follows:

‘ (a) Acute TF2 toxicity is associated with a dose-dependent

myocardial nuclear hypertrophy. This is reflected in an increase in
both nuclear size, notably in 1.5 and 6.0 mg/kg treatment groups
measured using ocular filar micrometry; also, in the area of the
nucleus containing F-DNA chromophore! measurad cytophotometrically
(Table 1). The latter finding indicates a disparsion of F-DNA
stained chromatin.

(b) Average myocardial nuclear F-DNA levels expressed in absorbancy
units (A.U.)! are generally maintained within the control range with
the 6.0 mg/kg group exhibiting a 11% decrease in F-DNA and the 0.9
mg/kg group sacrificed at 7 4 post-treatment exhibiting a 12.7%
decrease in F-DNA levels relative to controls (Table 2).
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Table 1: Effect of T-2 Toxin on Myocardial Nuclear
Chromophore Area and Nuclear Envelope Area.

Treatment Group

T-2 Toxiiu Dosage Micrometsr Area® Ay Photometric Areab
Ethanol Control 97.3 + 1.9 61.8 + 0,23

T-2 toxin 0.83 LDy, 100.2 + 2.13 +3.0 59.6 +0.23

(0.75 mg/kg) ‘

T-2 toxin 1.1 Lby, 98.3 + 2.2 4.5 67.2+ 0.2

(1.0 mg.kg) . ,

T-2 toxin 1.67 LDgg 110.7 + 3,12 +13.8 73.6 + 0.2} +
(1.5 mg/kg) '

T-2 toxin 6.67 LDey 115.8 + 3.1 +19.0 73.8 +0.3! +
(6.0 mg/kg) ‘ i

T-2 toxin 1.0 LD 98.3 + 2.83 +1.0  66.6 + 0.22

(0.9 mg/kg, 7 4 delay)

-5:1

+8.9

17.2

17.5

+6.0

dsrea of nuclear envelope (pn? + Standard Error) determined using
calibrated ocular filar micrometsy. A total of 100 individual
nuclear measurements were mads per group.

br.pNA chromophore area (uad + Standard Error) deteruined using
scanning-integrating microdensitometry. A total of 120 individual
nuclear measurements were made per group. Means with different

superscripts are significant, p < 0.05, Duncan’s multiple range test.
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Table 2: Effect of T-2 Toxin on Myocardial Cell Feulgen-DNA Levels.

Treatment Group . Myocardial Nuclei®

I-2 Toxin Dosage N(n)® AU. +S.B A c.v. A
~ Ethanol Control 6(117) ‘ 32.9 £ 0.31 . 10.7

'T-2 toxin 0.83 LDyy  6(113) - 31.1 % 0.4 14.4 .5.5

(0.75 mg.kg) ‘

T-2 toxin 1.1 LDgq 6(107) 32.3 2 0.4 12.5 . -1.8

(1.0 mg/kg) . :

T-2 toxin 1.67 LDygq 7(109) 31.6 £ 0.4 13.5 -3.8

(1.5 mg/kg) o .

T-2 toxin 6.67 LDgq  6(118) 29.2 £ 0.52 18.3 ~11.0
© (6.0 mg/kg)

T-2 toxin 1.0 LDsy . 7(134) - 28.7%2042 177 127

(0.9 mg/kg, 7d delay)

\

-8, Number of animals per treatment group; n, nuzber of individual cell

measurements

bMean * Standard Deviation (Standard Error) in Absorbancy Units (A.U.);
means vwith different superscripts are significant, p < 0.05, Duncan's
multiple range test,
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Table 3: Effect of T-2 Toxin on Myocardial Cell Azure B-RNA Content.

Myocardial RNAP

T-2 Toxin Dosage N(n)& A.U__ S.E. C.V. T %A
Ethanol Control 6(120)  30.5%0.6' 22.5

T-2 toxin 0.83 LDsg  6(120) 25.1 £ 0.52 21.2 -17.5
(0.75 mg/kg) :

T-2 toxin 1.1 LDgg 6(120) 27.0 £ 0.62 2.4 -11.4
(1.0 mg/kg) o, |
T-2 toxin 1.67 LDgg  7(120) 127.6 £ 0.62 23.4 - 9.5
(1.5 ag/kg) '

T-2 toxin 6.67 LDgq  6(120) 22.3 £ 0.63 26.9 -27.0
(6.0 mg/kg)

T-2 toxin 1.0 LDsy,  7(140) 26.5 £ 0.72 29.2 -13.1

(0.9 mg/kg, 7d delay)

4N, nuaber of animals per treatment group; n, nuaber of individual cell
measurements ' '

bMean * Standard Error in Absorbancy Units (A.U.); coefficient of
variation (C.V.) and percentage change relativs to control level
(%4); means with different superscripts are significant, p < 0.0,
Duncan’s multiple range test.
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Tablolkz Effect of T-2 Toxin on Myocardial Cell Protein Content.

Myocardial Pro;cinb

T-2 Toxin Dosage N(n)8 AU.__S.E. c.V. %A
Ethanol Control 6(100) 47.2 ¢t 0.7 15.8 .
T-2 toxin 0.83 LDsg  6(100) 37.1 £ 0.2 12,9 -21.5
(0.75 mg/kg) 4
T-2 toxin 1.1 LDgq 6(100) 31.2 £ 0.53 14.7 -34.0
(1.0 mg/kg) A |

T-2 toxin 1.67 LDgq  7(100) 31.5 £ 0.43 10.5 0 .33.3
(1.5 wg/kg) ' ' :
T-2 toxin 6.67 LDsg  6(100) 27.7 £ 0.5% 18.5 -41.3
(6.0 mg/kg) - . ‘

T-2 toxin 1.0 LDg, 7(100) 37.0 £ 0.62 - 16.0 21,7

(0.9 ng/kg, 74 delay)

24, Number of animals per treatment group; n, numoer of individual cell
measursments -

PMean + Standard Error in Absorbancy Units (A.U.); coefficient of
variation (C.V.) and percent change relative to control level (%a);
means with different superscripts are significant, p < 0,05,
Duncan’s multiple range test.
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percentages of corresponding low or high F-DNA
categories. Reproducibility of individual nuclear DNA
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Fig. 2.
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PENCENMTASE OF MYOCARDIAL CELLS
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Fig. 3. Frequency Distribution Profiles of T-2 Toxin-Induced
Alterations in Myocardial Cellular Protein Lavels
(8 hr postexposure). Low and high Coomassie blue-
protein categories (circled numbers) represent the
percentages of cells vhose protein contents are less
or greater than one standard deviation from the mean
control value. :
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(c) There is a marked increase in the relative sbundance of myocardial
cells exhibiting low F-DNA reactivityt (Fig. 1). This is evidenced
even with sublethal dosages of 0.75 and 1.0 mg/kg at 8 h post-
injection and is especially marked in the 0.9 mg/kg treatment
group sacrificed 7 d post-treatment.

(d) A dapletion in both myocardial RNA levels (Table 3, Fig. 2) and in
protein levels (Table 4, Fig. 3) is evidenced with both sublethal
and lethal dosages of T-2 toxin. Because of the high coefficient of
variation in RRA (21-29%) and protein (11-16%) levels, this is more
clearly reflected from analyses of histogram profiles which reveal a
several fold increase in the abundance of low RNA and a virtually
complets absence of moderate and high protein containing cardiocytes
in rats injected with sublethal and lethal levels of T-2 toxin.

3. Plasma Histamine lLevels and Messnteric Mast Cell Degranulation

. Data relating to the effects of sublethal and ’ethal levels

of T-2 toxin on plasma, cecal and lung histanine lavels are sumnarized
in Table 5. A dose-dependent elevation {n circulating plasma levels was
svidenced with the 1.0 and 1.5 ng/kg groups exhibiting approximately
two- and three-fold increases, respectively, over basal ethanol injected
control levels. Enteric histamine levels tended to be higher in T-2
toxin treated rats but did not prove to be statistically significant
owing to the high variance and small number of rats per treatment

group.  However, if one combines data from the four T-2 toxin rats
irrespective of dosage the overall mean histamine level of 2.84 £ 0.5 is
approximately 308 over that of controls (p < 0.05), Basal control
levels of lung histamine levels were appreciabiy higher than cecal
levels and were not nffcctod by T-2 toxicant oxpésux.

In a rolatod study the effects of T-2 toxin on mesenteric mast
cell degranulation were determined using scanning microdensitometric
analyses of individual cellular metachromasiat. Based on data
summarized in Table 6, it is clear that thers is an increass in mast
cell depletion indicacivn of the release of histamine and p.thlpl other
vasoactive substances mediated by T-2 toxin action.

4, In vitro Studies of T-2 Toxin Effects on RNA and Protein Levels
of Cultured Endothelial Cells.

In preliminary experiments, a differential susceptibility of
cultured bovine smooth muscle cells (SMC) and aortic endothelial cells
(BAEC) to T-2 cytotoxicity was noted. For example, T-2 concentrations
of up to 10 ug/ml failed to elicit morphologically detectable cytopathic
changes in SMC. Endothelial cultures, on the other hand, failed to
remain viable during 12 hour incubations with T-2 toxin concentrations
as low as 50 ng/ml. In light of the observed dramatic effects of T-2
toxin on the vascular system in vivo and its established affinity for
polyribosomal RNA, these preliminary findings indicating a high
endothelial cell susceptibility to T-2 toxin in vitro, in part, prompted
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-Table 5: Effect of T-2 Toxin on Plasma, Enteric and Lung Histamine Levels

Treatment Group . ". Histamine Levels t S.E.D

T-2 Toxin Dosage N4 Plasma Gut Lung
ng/nl ng/ag protein ng/mg protein

Ethanol Control 6 75.7£9.6%  1.5810.222 26.5£5.41 2

0.5 mg/kg s 86.7¢ 7.13.4  3.6021.09 36.415.8"

0.75 Q;/i:; | 6 111.0+24.9% 3.2840.77% 26.5¢2.7%

1.0 mg/kg 7 170.6£36.72 1.8310.741:2  26.1+6.11.2

1.5 ng/kg 7 229.0823.0' 1.6240.342 26.2+2.01 2

3N designates number of animals per treatment group

bAvctago histamine levels % standard error assayed using the enzymatic-
isntopic method of Taylor and Snyder (12); means with different

superscripts are significant, p < 0.05, Duncan’s multiple range test.
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Table 6: Mesenteric Mast Cell Degranulation in Acute T-2 Toxin Treated Rats?

Mast Cell Metachromasial

T-2 Toxin Dosage - N(mn) (A.U.ts.n.)" L 7.3

Control © 6(120) 1651651

0.5 mg/kg 6(120) 1274374 -23

0.75 mg/kg 6(120) 13622534 -19

1.0 ag/kg 6(120) 150262 -9
. 1.5 mg/kg 6(120) 14242423 -14

dgxtent of mast cell degranulation based on scanning microdensitometric

‘measures of metachromatic dye binding of cytoplasmic granules using
azurs B-stained mesenteric spread preparations.

number of rats and number of individual mast cells measured.

bAvarago levels expressed in Absorbancy Units (A.U.) % Standard

Deviation. Means with different superscripts are significanc,
P < 0.05, Duncan’s multiple range test.

relative to ethanol {njected controls.
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us to examine specific effects of T-2 toxicant actions on RNA content in
cultured BAEC.

Flow cytoaetric analysis of Pyronin Y-stained endothelial cells yielded
strong evidence evidence of T-2 toxicant action in this cell type (Table
7). Treatment of fixed BAEC with 6.25 U/ml RNAse reduced peak channel
fluorescence 308 with respect to untreated aliquots. BAEC cultures exposed
to 5 ng/ml T-2 toxin for 12 hours prior to analysis exhibited a 20%
decreass in peak fluorescence. This represents an approximately 63%
reduction in Pyronin Y fluorescence attributabie to specific RNA binding.
Exposure of BAEC to T-Z toxin also dscreased the ability of RNase treatment
to diminish Pyronin Y fluoresicence (40%). Peak fluorescence in this group
was 17.9% lower than the untreated control. The results of this study
clearly indicate that exposure to even minute quancities of T-2 toxin
decreases Pyronin Y-RNA fluorescencs in fixed BAERC. '

An i{ndependent assessment of T-2 toxin induced effects on total
azurophiliat and RNA content was conducted using azure B stained BAEC
cultures on coverslips. Based on data summarized in Table 8 it is clear
that T-2 toxin exhibits a marked dose-dependent depletion in azurophilic
staining and in azure B-RNA levels. '

5. Cxtointcrforonotrié Analyses of Protoin'Chnngic in Endothelial

Cells

Time constraints precluded the undertaking of extensive use of
microinterferomatryt in analyses of cytopathic responses in various
target tissues of T-2 toxin exposed rats. Nonetheless, unstained
sections of cardiac, enteric and other organs; also, "en-face"t
preparations of cardiovascular endothelial cells; and monolayers of
cultured endothelial cells are currently being analyzed to obtain
supplemental data specifically relating to cellular protein responses
associated with acute T-2 aycotoxin poisoning. To date, preliminary

- analyses (data not presented) provide supportive evidence that T-2 toxin

exerts a direct cytotoxic acticn on endothelial cells with protein
depletion constituting the initial cytopathic event which precedas
inhibition of RNA syntlesis and the suppression of chromatin template
activicy. :

. 11. Neurotoxic Effscts of T-2 Toxin

In vivo cytophotomstric analyses were also conducted on brain
specimens from the same groups of rats used in studies of cardiotoxic
effects of T-2 toxin. The focus of this aspect of the study was on
quantification of neuronal chromatin (F-DNA), azure B-RNA and Coomassie
(caudate nucleus plus putamen) brain compartments. These brain regions

" were selected because of their role in locomotor control and hypokinasia

is an 2arly manifestation of T-2 toxin-induced CNS}{ dysfunction. Sincs
two papsrs on neurotoxic effects of T-2 toxin are in prezs (7,9), brief
surmarias of major findings and conclusions are prasented beslow.
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TaBlo 7:

Effects of T-2 Toxin on PY-fluorescence of Cultured Aortic
Endothelial Cells and Smooth Muscle Cells
Treatment Staining Cell Peak Channel Mean
Group Conditions Type Fluoresscence As Fluorescence A%
Control PY BAEC 84 96.5
Controll PY+RNase BAEC 59 ~-30 74.7 -23
T-2 toxin PY BAEC 67 -20 81.9 -15
T-2 toxin PY+RNase BAEC 69 -18 91.7 -5
Control PY SMC - - 126.5
Control PY+RNase SMC - - 118.3 -7
T-2 toxin = PY SMC - - 110.6 -18
T-2 toxin PY+RNase SMC - - 112.9 -11

2fndothelial cells (BAEC) and smooth muscle cells (SMC) were plated at a
' seeding density of 20,000 cells/ca? in 25 cm® tissue culture flasks.
Pyronin Y staining (PY) and flow cytometric analysis were conducted

using the method of Shapiro (1981) with and without pretreatment .
There was no identifiable

vith RNase (6.23 U/ml at 37 C for 30 ain).

PY peak charmel fluorescence obtained with SMC cultures.

dosage was 3 ng/ml for 12 h prior to analysis.
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Table 8: Effects of T-2 Toxin on Total Azurophilia and Azure 3-RNA
Levels of Cultured Aortic Endothelial Cells »

Treatment Tockl Azurbphilia Azure B-RNA

. Group n A.U.28.D.(S.B.) L 7.3 (A.U.28.D.(S.E.)
Control 100 64.1£15.9(1.6) 42.7210.4(1.0)

T-2 toxin 100 35.0% 7.7(0.8) -45 37.8% 6.9(0.7)

(0.05 ng/ml)

'T-2 toxin 100 24.9% 5.7(0.6) -61 19.5¢ 5.0¢0.5) -
(5.0 ng/ml)

agovine aortic cn&ocheli
of 20,000 cells/cm? %

cells (BAEC) were plated at a seeding density
25 ca? tissue culture flasks containing cover-
slips. Coverslips containing monolayers of BAEC were treated with
DNase (for azure B-RNA) or untreated with DNase (for total
azurophilia) prior to{azurc B staining and scanning-integrating
nicro:p.écrophoco-ocry; average valuss are expressed in absorbancy
units (A.U.) + standard deviation (standard error) and based on

100 individual cell measurements per treatment group. The
designated T-2 toxin dosages vere for 12 h prior to analysis.



1. Overt and microscopic manifestations of neurotoxicity
Changes

The predominant overt CNS symptoms of T-2 intoxication
included asthenia and hypokinesia and generally occurred about 4 h
post-injection, whereas vascular changes such as episodic hyperemia of
external ears were evidenced as early as 1 h after toxin injection. At
the time of cecapitation (8 h) rats receiving 0.75 to 1.5 mg/kg of T-2
toxin were lethargic but otherwise exhibited no overt signs of
distress. The highest dosage group (6.0 mg/kg) exhibited signs
hyporeflexis, prostration, coma and labored breathing at about 5-6 h
after injections. At necropsy there was no evidence of brain
hemorrhages; the method of euthanasia (decapitation) proclud-d assess-
ment of the extent of meningeal vascular congestion.

Microscopic examination of H & E stained sections .
confirmed the absence of any focal brain hemorrhages. There was no
discernible evidence of incipient necrosis. Neurons were normal in
appearance with vesicular, euchromatic nuclel containing a strongly
basophilic nucleolus with the soma containing moderate to abundant Nissl
substance. On the other hand, perineutonal glial cell nuclef in T-2
poisuned rats exhibited some swelling with condensation of granular
aggregates in the nucleoplasnm.

2. Cytophotometric Analyses of Chromatin, RNA and Protein
Changol .

Co-pntiaon of average F-DNA levels of cerebrocortical
(layer 1II) and striatal neurons in control and T-2 treated rats
(Table 9) rsvealed dogs-dependent diminutions in F-DNA reactivity
of neurons in both brain regions, indicating a decrease in
chromatin susceptibility to acid hydrolysis. Significant (p < '
0.05) reductions in mean cerebrocortical neuron F-DNA reactivity
ranged from 9% with 0.75 ag/kg to 22% with 6.0 mg/kg T-2, whereas
_the suppression in F-DNA reactivity in striatal neurons was
slightly more severe, {.e., 15% with the lowest dose of T-2 and
268 with the highest. T-2 toxin-induced changes in neuronal
‘F-DNA reactivity were further examined in conventional frequency
distribution profile form (constructed using ethanol-control mean
and standard deviation as the refe-ence data base). Comparative
analyses of F-DNA profiles indicated the existence of marked
shifts in the relative proportions of nuclei{ n both
cersbrocortical (laysr III) and striatal neurons e¢xhibiting low
F-DNA yield. This was apparent in all T-2 toxin treatment groups
- as manifested by ca. 4-6 fold elevations in the freaquency
occurrence of low F-DNA categories. Thus, the existence of T-2
toxin-induced alterations in the physicochemical state of nuclear
chromatin, {.e., %ts lability to Feulgen acid hydrolysis, was
apparent not only in diminished mean F-DNA values (Table 9) but
also in markedly elsvated frsquencies of ow F-DNA reactive nuclei
with concomitant reductions in moderate and high F-DNA categoriss
of the cortical and striatal neuron populacion.
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Table 9: Comparative Analzsni of Cerebrocortical (layer III) and
Striatal Neuron Chromatin Feulgen-DNA (F-DNA) Reactivity

in T-2 Toxin-Intoxicated Rats.®

T-2 Tbxin ' F-DNA Rhnctivigzb

Dosage Cortex L 7 Striatum %A
Control $6.7 £ 4.6 60.6 £ 7.4

0.75 ag/kg 51.9 + 4.62 - 8.5  S1.8+&.12 -14.5
1.0 ng/kg 0.7+ 5.5  -10.6  50.2 £ 4.13 -17.2
1.5 ag/kg 48.2 £ 5.43 -15.0  48.8 & 6.4 -19.5
6.0 mg/kg 4.2 £ 7.5% -22.0 45.2 £ 6.3% - .25.4

a8T.2 toxin-induced alterations in neuronal F-DNA reactivity (Mean t $.D.)
based on scanning-integrating amicrodensitometric measures of dye
binding using standardized hydrolysis protocol adopted for
comparative analyses, i.e., 30 min in 3.5 N HCl at 37 C.

bReaction product formation in Absorbancy Units (A.U.) + Standard
Deviation. Means with different superscripts are significant,
p < 0.05, Duncan’s multiple range test. Values ranked (1-5), the
highest designated as (1). Measurements made at 540 nm, corrected
for glare and residual distribution error. Reproducibility of
individual nuclear DNA measurements was 128, Each value represents
mean of 100 cytophotometric F-DNA determinations with 6 animals
per group. Adventitial fibroblasts used as diploid reference
cell standards yislded a mean of 60.6 £ 6.0 A.U. (n = 100)
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To furthnr explors-the rclation:hip betwesen T-2 toxin
{ntoxication and alterations in neuronal nuclear functioning,
snalyses of T-2 toxin-induced changes in the extent of chromatin
compaction (F-DRA chromophors area) and of actual nuclear volume
were conducted on the same series of sections used for
determination of F-DNA reactivity responses. Based on the data
presented in Table 10, photometric area, i.s., nuclear area
containing F-DNA resctive chromatin, was significantly (p < 0.05)
elevated in both cerebrocortical and striatal neurons with all
four T-2 toxin dosages. It is also clear that T-2 toxin produced
an increase.in nuclear volume in both cersbrocortical and
striatal neurons with all four T-2 dosages. It is also clear
that T-2 produced an increase in nuclear volume in both
cerebrocortical and striatal neurons. Neither response was,
however, strictly dose-dependent.

Similar measures were made of nucleolar volume changes
using ocular filar micrometry of azure B stained brain sections. Both
cersbrocortical and striatal neuronal nucleoli exhibited either no
change or a moderate nucleolar hypertrophy (ca. 16%) in the 6 mg/kg and
1.5 mg/kg T-2 treatment groups (Table 11). Also, average neuronal RNA
levels in both brain regions of T-2 toxin-intoxicated rats generally
_remained within the control range (Table 12). However, a 17% reduction
in mean neuronal RNA content was evidenced within the cerebral cortex
with'1.5 mg/kg T-2 toxin, and a 20% loss in perikaryal RNA was observed
within the striatum with 6.0 ag/kg.

T-2 aycotoxin-induced alterations in brain neuronal protein
levels were much more pronounced than RNA changes. As indicated by data
summarized in Table 12, T-2 torin produced a severe, linear
dose-dependent reduction in total neuronal protein content. Declines in
mean values within the motor cortex ranged from 9% with 0.75 mg/kg to
46% with a 6.0 mg/kg toxin challengs. Neuronal protein loss was less
marked in striatal than in cortical compartments, i.e., 20-25%
diminutions with 1.0, 1.5 and 6.0 mg/kg, and no protein doplotion
vhac-oovcr vith 0.75 mg/kg T-2 toxin.

II1. Other sttouic Effects of T-2 Toxin

Cytoch-nical and hiscopathological studioa were also made of
the liver, intestinal tract, adrenals, kidney, thymus and spleen.
Although these are still in progress and constitute integral aspects of
M.S. or honors research projects by several graduate students,
sufficient data were generated within the last several months to ena-la

-an evaluation of the natuce and severity of T-2 toxin-induced impairment
in functioning of these organ-systems. These are summarized below.

1. Hepatotoxic Effects of T-2 Toxin

In addition to cytomorphology, three microchemical probes,
i.s., Feulgen-DNA, azure B-RNA and Coom:ssic-protein - ware used to
analyze dose-dependant and time-dependent alterations in
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Table 10: Comparative Analyses of Cerebrocortical (layer III) and

Striatal Neuron Feulgen-DNA (F-DNA) Chromophore Area and

Ruclear Volume in T-2 Toxin-Intoxicated Rats.

F-DNA Chromophore Ares (um?)® Nuclear Volume (um’)P

T-2 Toxin .
Dosage Cortex . Striatum Cortex Striatum
Control 89.5£16.43 84.4%12.13 1016.0+273.25 ' 1100.0£217.0%
0.75 mg/kg  108.1+18.4! 101.3£12.3" 1196.44361.52  1196.1+219.43
1.0 mg/kg 106.5217.5! 99.7£18.3!  1146,14152.52 1409.0£337.0"
1.5 mg/kg 102.0$17,32 95.5£13,22  993.0$207.13 1097. 62440.2¢
6.0 mg/kg 9:;.:.:13.92~ 94.2411.82 1222.4%269.7'  1301.0%220.02

4Photometric F-DNA chromophore area (mean + standard deviation) determined

using scanning-integrating microdensitometry. "Relative photometric area
units converted into absolute values by calibraticn with graded measuring
apertures. Each value represents mean of 50 individual nuclear deter-
minations. Means not designated with same superscript are significantly
different, p < 0.05, Duncan’s multiple range test. 7alues ranked (1-3),

the highest designated as (1).

bNuclear volume (mean * standsrd deviation) determined at 1000X using
calibrated ocular filar micrometry.
individual neuronal determinations.
V = 1I/6ab?, where a = diameter of major axis s’ b « diameter of

minor axis.

Means not designated with same suderscript are significantly

different, p < 0.05, Duncan’s multiple range tast.
the highest designated as (1).
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Table 11: Cerebrocortical (layer III) and Striatal Neuron Nucleolar
Volumes in T-2 Toxin-Intoxicated Rats.®

Nucleolar Volume (um’)

T-2 Toxin Dosage Cortex Striatum
Control 15.9 £ 8.72 13.8 ¢+ 8.52
0.75 mg/kg 16.5 + 8.1',2 15.0 + 8.2',2
1.0 mg/kg 18.0 £ 7.9'.2 16.3 £ 7,512
1.5 ong/kg 18.0 £ 8.21.2 ~ 16.5 £ 7.0
6.0 mg/kg 18.6 + 8.21 15.5 ¢ 7.61.2

SNucleolar volumes (mean + standard deviation) determined at 1000X
using calibrated ocular filar micrometry. Each valus represents
mean of 100 individual neuronal determinations. Nucleolar volume
calculated from V = x/6D3, where D = diameter. Means not
designated with same superscript are significantly different,

P < 0.05, Duncan’s multiple range test.
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Table 12: Cerebrocortical (layer III) and Striatal Neuron RNA and Protein

Contents in T-2 Toxin-Intoxicated Rats.2

' . RNA Contents
T-ZIToxin Dosage Cortex Striatum
Control 72.3 £ 14.0! 43.6+ 8.7
0.75 ng/kg 76.4 £ 14.6! , 42.4 £ 10.0!
1.0 mg/kg 73.8 £ 11.3! 40.4 £ 11.9°
1.5 mg/kg 60.0 11..63 43.5 ¢ 11.5!
6.0 mg/kg 68.6 + 14.72 : 34.9 £ 11.12 .

Protein Contents

T-2 Toxin Dosage Cortex Striatum

Control 75.3 £ 23.1! 43.7 + 10.0!
0.75 mg/kg 68.4 £ 19.42 44.7 % 10.0!
1.0 mg/kg 62.9 + 23.43 35.0 £ 10.12
1.5 mg/kg 58.8 + 13,83 33.0 ¢ 4.92

6.0 mg/kg 41.1 £ 10.74 33.6 & 5.5

aNeuronal azure B-RNA and Coomassie-protein contents (Absorbancy Units
+ $.D.) determined using scanning-integrating microdensitometry. Each
value represents mean of 100 individual neuron measurements. Means not
designated with same superscript ars significantly different, p < 0.05,
Duncan’s multiple range test.
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transcriptional-translational aspects of nucleic acid &nd protein
metabolism in liver parenchymal cells. Also, because the type and
pattsrn of cytopathic changes observed during the acute (8 h)
phase of intoxication proved to be similar to those obtained with
non-specific stress stimuli or other xenobiotics (drugs, toxins,
etc.), the focus of this subproject was on delayed liver responses
at 7, 14 and 28 day intervals after T-2 toxin treatment. The
major aim was to determine the extent to which T-2 toxin causes
progressive irreversible hepatocellular injury. Because previous
studies in our laboratory have shown that the predominant cell
type in periportal (PP) region of liver lobules is tetraploid (4)
with appreciable higher RNA levels than are found in diploid (2C)
cells, which comprise the centrilobular (cc) compartment, separate
analyses were conducted of T-2 toxin induced cytochemical
responses in both PP and CL regions.

The most prominent signs of hepatocellular injury
included loss of basophilic staining and focal areas of necrosis
containing fibrocytic elements. Generally, most parenchymal cell
nuclel retained their normal, suchromatic vesicular appearance.
Visually, the extent of reduction in basophilia was more
pronounced in CL than in PP regions at 8 h post-injection.

Cytophotometric analyses of dose and time-dependent
alterations in Feulgen-DNA reactivity revealed a maintenances of
average F-DNA levels within the control + one standard deviation
range in both PP and CL compartments (Table 13). Similarly,
except for PP cells of rats killed 4 weeks after exposure which
exhibited a reduction in total azurophilia and in azure B-RNA
levels (Tables 14 and 15) with both sublethal and near-lethal
dosages, there was no consistent pattern of azurophilic or RNA
responses which could be related to dose or time after exposure.
Analyses of Coomassie blus-protein levels in parenchymal cells
also indicated the absence of any protein d-plccion in hepatocytes
of T-2 toxin treated rats (Table 16).

2. Enterotoxic Effects of T-2 Toxin

This subproject was limited to the cytomorphological
and histopathological assessment of T-2 toxin-induced effects on
various tissue compartments of the small intestine in an attempt
to identify specific cell types which are most prone to injury.
in the following, major findings from two separate studies are
summarized, one dealing with acute dose-dependent enterotoxic
effects where all rats were killed at 8 h post-injection with
sublethal and lethal doses of T-2 toxin (ip) and the second
(designated as "time-dependent” study) focusing on the type and
nature of intestinal cytopathic changes which occur prior to the
onset of overt symptoms of intoxication, i.e., during the 2 to 8
hr interval after a lethal dose of T-2 toxin was administered. In
both studies, particular attention was focused on vascular,
puscular, leucocytic, secretory and stromal components.
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Table 13: Nuclear Chromatin Feulgen-DNA (F-DNA) Reactivi:y of Periportal

and Centrilobular Hepatocytes in T-2 Toxin-Traated Rats

(7-28 d post-injection).

T-2 Toxin c . F-DNA Reactivicy?
Dosage N(n)2 . Periportal s Centrilobular L7
Ethanol Control  12(345) 43 £ 10 26 ¢ 92
At 7 days: |
0.60 mg/kg . 5(125) 6t B4 .16 20+ 6 .23
0.75 ng/kg  6(125) 412132 .8 %t 8 -8
0.90 ng/kg s(125) 35 £ 12¢ .19 27b 1002 43
At 14 days:
© 0.75 mg/kg 5(110) a1 £ 12,2 . s 28 £ 11,2+ 8
0.90 mg/kg 5(110) 40 £ 132 -7 281102 +'8
At 28 days: | '
 0.60 mg/kg 5(110) 61 + 0.2 s 24: 7 -8
0.75 mg/kg 5(110) 4321312 0 29 + 11! +11
0.90 mg/kg 5(110) 38+ 1284 .12 26 + 122 o

4N, number of animals pet troatnonc group;‘n, number of individual cell
measursments. .

bMean * Standard Deviation in Absorbancy Unitz (A.U.); percentage change
relative to control level (%a); values with different superscripts
are significant at p < 0.05, Duncan’s multiple range test with the
highest value designated (1).

44




Table 14: Cellular Azurophilia (Basophilia) of Periportal and Centrilobular
Hepatocytes in T-2 foxin-Treated Rats (7-28 d post-injection).

T-2 Toxin Cellular Azurophilia (A.U.3S.D.)
Dosage N(n)2 Periportal L7y Centrilobular tA
Ethanol Comtrol 12(150) 50 £ 14! 3211623
At 7 d@z::
0.60 mg/kg . 5(50) 49 ¢ 18! -2 35 £ 122 -9
0.75 mg/kg 6(50) 46 1 14! -8 32 £ 102, 0
0.90 mg/kg 5(50) 38 + 132 -24 27 ¢ 103 ' .16
At 14 days:
0.75 mg/kg 5(50) s+ 8.3 .30 30£10°3 .6
0.90 mg/kg 5(50) 49 % 23! -2 49 £ 171 +53
At 28 days:
0.60 mg/kg 5(50) 32 + 83,4 -36 28 + 108 -12
0.75 mg/kg 5(50) 27 ¢ 8¢ -46 18 + 64 -43
0.90 mg/kg - 6(50) 37 £ 1023 -26 - 35 +112 o+ 9

aN, number of animals per tronthcnc\group: n, number of individual cell
measurements.

bMean *+ Standard Deviation in Absorbancy Units (A.U.); percentage change
relative to control level (%a); values with different superscripts’
are significant at p < 0.05, Duncan’s multiple range test with the
highest value designated (1). '

45




Table 15: Azure B- RNA Content of Periportal and Centrilobular
Hcgatocztos in T-2 Toxin-Treated Rat Rats (7 - 28 d gost infection).

T-2 foxin , , Azure B-RNA (A.U.$S.D.)P
Dosage N(n)8 - Periportal sA Centrilobular R 7Y
Ethanol Control 12(150) 34 % 11! 23 ¢+ 92.3
' At_? days:
0.60 mg/kg 5(50) 302142 .10 21t 73 -9
10.75 mg/kg 6(50) 36+100 . +6 18 t 10 +22
0.90 mg/kg 5(50) 33 £ 11 -3 23 & 102.3 0
At 14 days:
0.75 mg/kg . 5(50) 29 ¢ 62 -15 20+ 63 -13
0.90 mg/kg 5(50) . 37 + 16! +9° 28 * 10! +22
At 28 days:
", 0.60 mg/kg 5(50) 226t B -2 23 ¢ 62,3 0
0.75 mg/kg 5(50) 28+ 72 .18 15+ 7¢ -35
0.90 mg/kg  6(50) 262 73 . -2 25+ 72 +9

2N, number of animals por treatment group; n, nunbcr of individual cell
measurements.

bMean t+ Standard Deviation in Absorbancy Units (A.U.); percentage
change rslative to control level (34); values with different
superscripts are significant at p < 0.05, Duncan’s multiple range
test with the highest values dasignated (1).
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Cellular Protein Content of Periportal and Centriiobular

Table 16:
Hepatocytes in T-2 Toxin-Treated Rats (7-28 d post-injection).
T-2 Toxin Protoin Content (A.U.#S.D, )b
Dosage N(n), Periportal Centrilobular
Ethanol Control 12(150) 81 ¢ 12! s 14!
At 7 days:
0.60 mg/kg 5(50) 79 £ 11! -2 83 ¢+ 11! -6
0.75 ng/kg 6(50) 78 + 12! -4 80 + 112 -9
0.90 mg/kg 5(50) 79 % 10! -2 79 + 142 -10
At 14 days:
0.75 mg/kg 5(50) 76 £ 102 -6 87 + 11! .2
0.90 mg/kg 5(50) 81 + 13! 0 87 + 13! -2
At 28 days:
0.60 mg/kg 5(50) 85 £ 11! +5 82+ 92 -7
 0.75 mg/kg 5(50) 81 + 14! 0 80 + 112 -9
0.90 mg/kg 6(50) 81 + 10! 0 82+ 92 -7

2N, number of animals per treatment group; n, nuaber of individual cell

© measurements.

DMean + Standard Deviation in Absorbancy Units (A.U.); percentage

change relative to control level (%a); values with diffarent
superscripts are significant at p < 0.05, Duncan's multipla

range test with the highest value designated (1).
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(a) Dose-dependsnt cytopathic alterations

All T-2 dosages (e.g., 0.5, 0.73, 1.C and 1.5 mg/kg)
slicited histopathological alterations in intestinal tissue
compartments at the 8 hr post-injection intarval, with the severity of
lesion formation and specific cell types involved dapending on the
dosage administered. With a sublethal dose of 0.5 mg/kg, the
predominant histopathic alterations included serosal petechial
hemorrhages, modsrate edema of the submucosa with incresie in average
. extracellular collagen fiber spacing (measured by ocular filar
micrometry) dscreased cytoplasmic acidophiliat and presence of pycnotic
fibroblasts and lymphocytes within the lamina propria and submucosa.
Both submucosal and adventitial blood vessels exhibited muclear
chromatin condensation, disruption of nuclear membranes and nuclear
vacuolization. Chromatin condensation was also evidenced in cryptal
spithelial cells, vhereas villus enterocytes appeared normal in
appearance as did the smooth muscle cells of the tunica muscularis and
muscularis mucosa. Interestingly, vascular cytopathic nuclear
alterations appeared to primarily involve arterial co-ponnncl the
integrity of veins and lymphatics was unaffected.

With a higher sublethal dosage of 0.75 u;/k; a similar but more
sevars patfern of vascular and epithelial injury was evidenced coupled
with & marked disruption of the integrity of lymphoidal elements. The
incidence of serosal hemorrhage was increased; both crypt and villus
epithelial cells exhibited nuclear chromatin condensation, karyorrhexis
and absence of mitotic activity; Paneth cell lysis was observed in some
regions. Submucosal edema was more exiensive with {nfiltration by
lymphocytes and neutrophils. Germinal centars of Peyers patches
exhibited moderate to severe necrosis of lymphocytic elements although
cortical lymphocytes appearsd unaffected. Again, arterial vessels were
more distorted with pycnotic nuclei and disrupted endothelium whereas

* lymphatic and venous elements were normal. Smooth muscle layers
remained normal. '

Lethal dus:gcs of T-2 toxin (1.0 and 1.5 mg/kg) effected a marked
disruption and injury to all cellular components of the intestine
including the tunica muscularis. Massive, genaralized edema vas
evidenced in a1l layers, notably in the lamina propria and submucosa
which contained high concentrations of pycnotic leucocytss and focal
areas of necrosis. Lysis and karyorrhexis of epithelial cells with
cellular debris in the lumena of intestinal crypts was svidenced; villi
were hyperemic and Peyers patches exhibited both central necrosis and
also pycnosis in outer cortical lymphocytes. Nuclei of smooth muscle
cslls in the tunica muscularis were swollen, and the sarcoplasm
exhibited focal areas of hyalinization and heterogeneity of staining.
There was also severe serosal hemorrhaging, vascular congestion, and
extensive disruption of both vascular and lymphatic endothelial cells.
The severity of adema, extent of lymphoidal necrosis and related cyto-
pathic changes in vascular, epithelial and stromal elements ware
generally more marked in the 1.5 mg/kg treatment group.
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Time dependent aicgrations

Similar data obtained from rats injected ip with a 1.5 mg/kg
dose and killed at 2 hr intervals over a 2 to 12 hour post-injection
interval revealad that irreversible cytotoxic effects are evidenced in
~ mucosal, submucosal, muscular and adventitial compartments as early as 2
h after T-2 treatment. For example at 2 h post-injection, all of the
‘rats exhibited serosal hemorrhaging, disruption of vascular and

lymphatic endothelium, necrosis of Peyers patches and both nuclear and
cytoplasmic manifestations of cellular injury in sttomal, epithelial and
smooth auscle cell (SMC) components. Rats killed at subsequent time
intervals over the 12 h time period simply revealed a more massive
generalized edema, progressive destruction of all tissue components
notably the lysis and denudation of epithelial cells in both crypts and
villi, and increased nuanbers of cells exhibiting nuclear d.guncracion
(karyorrhexis and karyolysis)

Sunmary of major findings

The overall data from the foregoing subprojects support
the existence of marked differences in the susceptibility of various
intestinal tissus components to T-2 toxin-induced injury. Of the cell
types examined, a ranking of cells exhibiting cycopathic changes,
arranged in decreasing order of susceptibility to T-2 toxin, is as
follows: arterial endothelium, germinal center lymphocytes, intestinal
crypt epithelium and villus epithelium, with lymphatic endothelium and
'SMC being the most resistant ts T-2 toxin injury.

3. Adrenocortical Responses

Microscopic analyses of adrenocortical and medullary cells of
acute T-2 toxin-treated rats revealed no nuclear or cytoplasmic evidence
of cytotoxicity in any of the cortical zones or in chromaffin cells of
the medulla.

Cytophoconatric analysis of Feulgen-DNA levels also indicatead
tho absence of any T-2 toxin-induced nuclear alterations since F-lLiJA
levels of adrenocortical and medullary cell nuclei remained relatively
constant irrespective of the dosage administered (Tables 17-20). No
marked depletion of RNA or protein was evidenced in adrenals of T-2
toxin-treated groups; instead, ir several instances, notably in zona

- . glomerulosa (2ZG)t cells and medullary cells, increases in RNA and were

evidenced in the higher dosage groups. For example, in ZG cells which
synthesize and secrete the mineralocorticoid, aldosterone, all T-2
toxin-treated groups exhibited an increase in RNA levels whereas protein
levels generally remained within 10% of control values (Table 20).
Adrenal medullary cells also exhibited moderate elevation in RNA levels
of 163 and 19% in 1.0 and 1.5 mg/kg treatment groups, with slight
'increase (108) in protein levels avidenced following a 1.0 mg/kg dose.
On the other hand, in zona fasciculatat cells which synthesize
glucocorticoids such as corticosterone, as well as in the reticular
zonea, both RNA and protein ievels remained constant.
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Table 17: Cytochemical Responses of the Adrenal Zona Glomerulosa in
T-2 Toxin-Treated Rats

Treatment? ‘b RNAS Ay Protein® Ay F-DNA®
Control 120 574332 79+113 ©15%21
0.50 mg/kg 120 70+48' 423 70+114 -12 14421
0.75 mg/kg 120 711481 425 832112  + 5 15221
1.00 mg/kg 120 71£38' 428 80£113 +1 1522!
1.50 mg/kg 120 632322 +10 874141 +10 1544!

4T2 was administered ip in absolute ethanol. All rats were killed 8 hr
post-injection. ' .

by, squals the number of individual cell measursments per stain per
treatment group with the exception of the Feulgen-DNA(F-DNA).
stained cells which were spot checked. ,

CMean + standard deviation in absorbancy units. Values with
different superscripts are significantly different, p < 0.05
using Duncan’s new multiple range test. Different stains are
not comparable to one another.
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Table 13: gzgochenical Responses of the Adrenal Zona Fasciculata
in T-2 Toxin-Treated Rats

Treatment® nb RNAC Protein® - - A% F-DNAS
Control 120 49421! - 724110 . 1212!
0.50 mg/kg 120 50426 764$112.3 3+ 3 13421
0.75 mg/kg 120 s1+2s! 7681 .2 L] 12#1!
1.00 mg/kg 120 484212 © 79411t 10 132

1.50 mg/kg 120 47419 74423 lo1!

_ 2T2 was administered ip in nbsoluto ethanol. All'rats wers killed 8 hr
" post- injoction '

by, equals the number of individual cell measurements per stain pexr
treatment group with the exception of the Feulgen-DNA (F-DNA)
stained cells which were spot checked.

CMean t standard deviation in absorbancy units. Values with
different superscripts are significantly different, p < 0.05
using Duncan’s new multiple range test. Different stains are
not comparable to one anothe:.
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Table 19: Cytochemical Responses of the Adrenal Zona Reticularis
in T-2 Toxin-Treated Rats

Treatment® nP RNAS Protein® F-DNAS
Control 120 66 ¢ 30! 67t 9 15 + 31,2
0.50 mg/kg 120 68 + 34! 60 9 14 12
0.75 mg/kg 120 64 t 33! 6013 = 16%2
1.00 ng/kg 120 nt 36! 75 + 11! 14+ 12
1.50 ag/kg 120 7Nt 32 69 + 142 16 £ 21

472 was administered ip in absolute ethanol. All rats were killed 8 hr
post-injection. :

by, equals the number of individual cell measurements per stain per
treatment group with the exception of the Feulgen-DNA (F-DNA) stained
cells which were spot chacked.

CMean * standard deviation in absorbancy units. Values with different
superscripts are significantly different, p < 0.05 using Duncan’s
nev multiple range test. Diffarent stains are not comparable to
one another.
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Table 20: Cytochemical Responses of the Adrennl Medulla in T-2
' Toxin-Treated Rats

Treatment® ab ' RRAC Protein® F-DNAC
Control 120 32 £ 15! 60 £+ 82 12.0 & 22
© 0.50 mg/kg 120 31 t1a 57 ¢ St 12.0 ¢ 22
0.75 mg/kg 120 3 +17'.2° ss: 83 12.0 + 22
1.00 ag/kg 120 37 27 69 £ 10! 12.0 + 12’
1.50 u;/lkgl 10 216! 632102 140 % 2!

3T2 was administered ip in absolute ethanol. All rats were killed 8 hr
post-injection. . .

bn, equals the number of individual cell measurements pcr stain per
treatment group.

CMean % standard deviation in absorbancy units. Values with different
superscripts are significantly different, p < 0.05 using Duncan’s
nev multiple range test. Different stains are not comparable to
one another.
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. An additional aspect of work entailed examining the extent to

vhich T-2 toxin elicits a stress mediated activation of the pituitary-
adrenocortical exis leading to increased circulating levels of
corticosterons. Based on data presented in Table 21 it is evident that
subiethal doses of T-2 toxin effect a decrease in corticosterone levels
(ca. 40%), wvhereas with lethal dosages of 1.0 to 1.5 mg/kg hormone
levels are unchanged relative to control valuss at 8 h post-injection.
In the time dependent study, it wis also found that corticosterone
levels are not elevated within the 2 to 8 h time-frame used in rats
injected with 1.5 mg/kg 1i.p.

4. Nephrotoxic Effects of T-2 Toxin

Renal tubular nucleic-acid protein responses were also -
monitored in rats at 8 h following single injections of T-2 toxin
(0.75, 1.0, 1.5 or 6.0 mg/kg ip); an additional group recsived a dose
of 0.9 mg/kg and killed 7 d later. As in previous subprojects,
alterations in cytochemical aspects of macromolecular metabolism wers.
correlated with cytomorphological changes in renal components and
cytopathic responses in other organ systems to determine whether T-2
toxin poisoning i{s associated with direct cytotoxic sffects on proximal.
renal tubular epith.lial cells.

Microscopic exuimtion of H & E stained kidney sections revealed
no evidence of necrosis nor any indication of incipient nuclear injury
(e.g., pycnosis) in any of the T-2 toxin-treated rats; however,
moderats tubular dilation and cytoplasmic vacuolization were evidenced
with the higher T-2 toxin dosages (1.5 and 6.0 mg/kg).

Cytochemical studies confirmed the absence of any marked - :
alterations in the physicochemical state of chromatin as reflected in
the observation that the F-DNA yfeld of proximal tubular muclei of T-2
toxin-treated groups remained at control levels (Table 22). On the
other hand, a dose-dependent reduction in cellulur RNA levels was
svidenced, ranging from 7% with a 0.75 mg/kg to 43% with & 6.0 mg/kg
challenge (Table 23); RNA contents were still moderately depressed
(23%) at 7 4 f-llowing a 0.9 mg/kg dose. Total cellular pcotein levsls
generally remained at control levels or in some instances exhibited a
slight (10-13%) suppression in T-2 toxin-treated rats (Tsble 24).

In brief, the overall data fail to support t:ho existence of
direct nephrotoxic actions of T-2 toxin. .

S. Lymphoidal Responses to T-2 Toxin

In addition to analyses of lymphoidal responses in the
lamina propria of the intestine which were described in subsection 1,
histologic and cytophotometric analyses of nucleic acid-protein
responses were also conducted on thymus and spleen sections.
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Table 21: Plasma Corticosterons Levels in T-2 Toxin-Exposed Rats

T-2 Toxin : ,
Treatment® Nb Corticosterone Concentration®
Control 6 2% + 2,423
0.50 mg/kg 6 16 £ 1,54
0.7% ng/kg 6 15 £ 1.5
1.00 ns/ki 6 26 £1.92,3
1.50 mg/kg 6 2f +2.72.3
1.5 wg/kg at:

2 hr ' 6 29 ¢ 1.61,2
4 hr 6 30 ¢ 3.31.2
6 hr 6 35 ¢ 3.81
8 hr ' 6 25 £ 2.72.3
Death 2 17 £ 1.53.4

472 was administered ip in absolute ethanol. In the dose-dependent
study, rats wers killed 8 hr post-injection; in the time-dependent
study, rats were killed at 2 h intervals as indicated.

by, equals the number of animals within sample.

CPlasma corticosterone mean * standard er
different superscripts are significant

using Duncan’s new multiple range test.
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Table 22.

Proximal Tubule Cell Feulgen-DNA (F-DNA) Reactivity in
T-Z ToxIfi-Tteated Kats.

T-2 Toxin ,

Treataent® N(n)P F-DNA Reactivity®

Control 6(100) 106 * 11!

0.75 mg/kg 6(100) 105 11!

1.0 mg/kg 6(100) 102 t 12!

1.5 mg/kg 6(100) 110 t 12!

. 6.0 mg/kg 6(100) 110 ¢ 12!
‘0.9 ng/hg 6(100) 107 ¢ 11!

'Afl animals were decapitated without anesthesia at 8 h, with
the excegtion of the 0.9 mg/kg group which was killed'at 7 d

post-injection.

'bN, number of animals per treatment grouﬁ;bn. number of individual

cell measurements.

CReaction product formation in Absorbincy Units (A.U.) £ Standard

Deviation,

Meaus with different superscripts are significant,.

© p < 0.05, Duncan’s multiple range test.




Table 23: Proximal Tubule Cell Azure B-RNA Content in T-2
Toxin-Treated Rats.

T-2 Toxin . .
Treatment® N(a)b RNA Content®
Control ‘ - 6(100) 122 ¢ 25!
0.75 mg/kg , 6(100) 114 £ 162
1.0 mg/kg . 6(100) 89 ¢ 223
1.5 mg/kg 6(100) 78 £ 184
6.0 mg/kg 6(100) 69 + 145
0.9 ng/kg 4 6(100) 9 % 163

%Animals were killed at 8 h, with the exception of the 0.9 mg/kg
group which was decapitated at 7 d post-exposurs.

PN, number of animals per group; n, number of individual cell
measurements. a

CProximal tubule cell azure B-RNA content (Absorbancy Units
Standard Deviation). Means with different superscripts are
significant, p < 0.05, Duncan’s multiple range test. Means

~ ranked (1-5), the highest designated as (1).
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Table 24: Proximal Tubule Cell Mercuric Bromophenol Blm-?rotein
Content in T-2 Toxin-Trestad Rats.

T-2 Toxin

Treatment® ' N’('n)b ' Protein Content®
Control © 6(100) et
0.75 mg/kg . 6(100) 123 ¢ 23
1.0 ag/kg 6(100) 112 £192
1.5 ng/kg 6(100) 108 $ 122
6.0 ag/kg 6(100) | 126 ¢ 12
0.9ag/kgat 74 . 6(100) 126 £ 13"

3Animals were sacrificed at 8 h, with the exception of the 0.9 mg/kg
group which was killed at 7 d post-injection.

bN, number of mmls per group; n, number of mdividual cell
measurements.

CProximal tubule cell protein content in Absorbancy Units (A.U.)
+ Standard Deviation. Means with different superscripts are
significant, p < 0.05, Duncan’s multiple range test. Means:
ranked (1-2), the highest designated as (1).
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Although these analyses are still in progress,
preliminary results indicats s doss-dependsnt increase in the severity
of suppression of lymphopoisis in splenic tissus but not in thymic
tissus with considarable necrosis evidenced in B-dependent regions of
the spleen (eo.g., sinusoids of the red pulp and marginal zone of the
vhite pulp).:

6. Discussion and Conclusions

Extensive evidence supports that a major cellular
mechanism of T-2 intoxication is an inhibition of protein
synthesis. It has been postulated that most, if not all, of the
observed cytopathic actions of T-2 toxin in multiple tissue
compartments, are directly related to T-2 toxin-induzed inhibition of
protein and mucleic acid synthesis (1,2,17). On the other hand,
specific cytochemical events vhich precipitate the onset of lesion
formation, hemorrhaging and necrosis, have not yet been jfdentified.
Thus, the focus of the present study involved the use o7 microscopic
cytochemical probes to {dentify specific sites of injurvy in the heart,
brain and other systsaic organs in rats following acute exposure to
sublethal and lethal doses of T-2 toxin. A battery of cytochemical and
morphometric indices of cytopathic responses, suppleamented by
biochemical analyses vhere dsemed desirable was used to obtain a more
comprehensive assessment of cardiovascular, neural and hormonal systemic
interactions associated with 7-2 toxin poisoning.

Among some of the :picific contributions of the overall study
include the following:

(1) Definitive evidence was obtained documenting that the heart
constitutes a primary target site of T-2 toxin action; also that
sndothelial cell injiry in the endocardial compartment constitutes the
initial event which precipitates subsequent manifestations of
cardiotoxicicy.

(2) Supportive evidence was also obtained which indicates that
vascular endothelial injury i{s an important cytotoxic event in tissues
wvith a component of rapidly dividing cells (e.g., gut, lymphoid and
hemopoietic tissues) wvhich exhibit th most severe alterations following
acute T-2 toxin treatment.

(3) ' Although acute T-2 toxin exposure is assoclated with an
inhibition of RNA-protein synthesis in brein neurons, hepatocytes and
renal tubular epithelial cells, the absence of i{rreversibls cell injury
and necrosis indicates these tissue compartments do not constitute
primary or major target sites of T-2 mycotoxin action.

(4) Systemic events which participate in exacerbating
cardiotoxic, vascular and enterotoxic pathogenic responses include a
dose-dependent elevation in plasma histamine levels, release of
vasoactive autacoids from mast cells and possibly an impairment in
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ho-‘o:titic functioning of the hypothalamo-pituitary-adrenocortical
axis.

(5) Most of the data relating to the pattern of chromatin, RNA
and protein responses generally support ths tenst that at the cellular
level, the primary mods of action of T-2 toxin is an inhibition of
protein synthesis, with RNA and chromatin changes occurring
secondarily. On the other hand, the data also support the existence of
marked differences among specific cell types within primary and
secondary target tirjus compartments in :hoir susceptibilicy to
cytotoxic actions of T-2 toxin.

Brief discussions of specific findings which support the .above
conclusions are presented below with respect to the functional
significance of observed T-2 toxin-induced nucleic acid responses in
various car;ot tissue co-par:n-nts

With respect to cardiotoxic effects of T-2 toxin, the overall
data support the following sequence of events which sventuate in
cardiopathy. The initial site of injury is a disruption and damage to
endothelial cells which in vitro studies indicate are several fold more
susceptible to injury than smooth muscle cells. It is likely that the
resultant increase in permeability results in a marked influx of T-2
toxin and other plasma constituants into the subendothelial
compartment. It {s noteworthy that even with sublethal dosages (0.75
mg/kg) there is a very marked protein dapletion of myocardial cells.
This is consistent with the cellular mode of action of T-2 toxin as a
potent inhibitor of protein synthesis. The observation that RNA
depletion and suppression of chromatin templ e activity (using F-DNA '
yield as an indicator of chromatin compaction) are not as severs as the o
extent of protein depletion also agrees with the current view that RNA
and nuclear events occur secondarily to protein inhibition. In any
svent, the overall pattern of responses, i{.e., a dose-dependent
.increase in the severity of myocardial edema and in the extent of S
protein and RNA inhibition which persists for 7 days after a single : . o
injection of T-2 toxin, indicates the heart conntitutcl a primary ‘
target site of T-2 mycotoxin action.

Wich tolpcct to neurotoxic effects of T-2 toxin, neuronal protein
levels were suppressed in a dose-dependent fashion within the cerebral
cortex while in the striatum there was no direct correspondence between
protein loss and T-2 toxin dosage at 8 h post-injection. Furthermore
no hemorrhages or areas of necrosis were evidenced, and neuronal RNA
levels were generally maintained at or near control levels. On the
basis of these findings it was concluded that T-2 toxin does not elicit
direct cytotoxic actions in these two brain regions. It is likely that .
neuronal protein depletion is attributable to systemic effects of T-2 ;
toxin leading to cardiovascular insufficiency and hypoxemia. It is :
also probable that visceral pooling of blood would reducs the net
amount of T-2 toxin reaching the brain thereby effectively decreasing
the extent of injury to microvascular elements. In fact, it has been
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suggested that overt CNS signs of trichothecens poisoning such as
abnormal BEG's, coma and hallucinations probably stem from
hypotension (18). Since oxygen lack reportedly comprises neuronal
macromolecular biosynthetic sctivities (19), T-2 toxin-induced
reductions in brain RNA/protein metabolism are probably secondary
manifestations of cardiovascular insufficiency and hypoxemia.
Other brain regions, however, need to be examined since several
reports indicate that certain brain compartments such as the
hypothalamus and associated catecholiminergic CNS compartments may
be more sensitive to direct cytotoxic actions of T-2 toxin (20).
It is noteworthy in this regard that T-2 toxin failed to elicit an
increase in adrenocortical activity, whereas most xsnobiotics and
non-specific stress stimuli typically trigger a marked increase in

- corticosterone secretion. The absence of this hormonal response

could stem from an impairment in hypothalamic functioning since

.there vas no evidence of cellular injury in adrenocortical cells.

Our findiny relating to enterotoxic effects of T-2
toxin generally confirm reports that the gut represents a primary
target site of toxin action. The observation that intestinal
compartments such as the crypt epithelium and germinal centers of
Peyer’'s patches are most severely affected also supports current
concepts that amitotically active cell populations are more
susceptible than non-dividing cells to T-2 toxin-induced injury.
On the other hand, it is clear that, as in the heart, the initial
cytopathic event is endothelial cell injury in both serosal and
sucosal regions as evidenced by a disruption of endothelial cell
membranes, pycnotic nuclei, presence of edema in the interstitium
and petechial hemorrhages within 2 h after T-2 toxin treatment.
Vith lethal dosages of T-2 toxin, all cell coamponents within
mucosal, subwucosal muscular and adventitial layers of the
intestine exhibit cytopathic alterations. However, based on the
severity of lesions with sublethal dosages a ranking of
differential responsiveness of specific cell types (arranged in-
decreasing levels of susceptibility) is as follows: arterial
endothelial cells, B- type lymphocytes comprising germinal
centers, crypt epithelial cells, villus epithelium, T-type
lymphocytes, fibroblasts, smooth muscle colll. lymphatic and
venous endothelial cells.

Both the liver and «kidney of T-2 toxin-treated rats
exhibited moderats extents of cellular injury. However, neither
organ exhibited focal areas of necrosis or hemorrhages in
parenchymal or stromal compartments. For example, hepatocytes of

1iver lobules exhibited some reduction in basophilia, but only a

moderate reduction in RNA levels and no depression in hepatocyte protein
content. Similarly, despite a moderate suppression in renal tubular RNA
levels, protein levels remained at near-normal levels or exhibited a
slight (10-13%) decrease following exposure to lethal dosages. In both
organs, nucleil of parenchymal cells remained euchromatic, healthy in
appearance vith no indication of a suppression in chromatin template
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activity (i.e., |low P-DNA stainability or chromatin compaction). -Thus,
it wouid appear that the liver and kidney, which represent the main
organs involved in detoxification and excretion of trichothecens
mycotoxins, are not primary target sites of T-2 toxicant action. It is
likely that cytaopathic changes such as reduced basophilisa occur as a
consequence of systemic responses, s.g., hyr~tension, hypoxemis and
hypovolemia. ‘ : ‘

Ko morphological or cytochemical manifestations of
cytotoxicity werse evidenced in adrenocortical cells of T-2 toxin
treated rats. It is well documented that noxiocus stimuli and/or
injections of xenobiotics typically cause an activation of the
hypothalamic-adrenocortical axis and a release of corticosterone. Such
corticotropin iated activation of the adrenal cortex usually results
in an hypertrophy of inner fasciculate cells reflecting an enhancement
in conicutcr¢ synthetic capacity and vacuolization or degranulation
of outer fasciculats cells associated with corticosterone release.
Neither of these cytologic responses were evidenced in T-2 toxin
-sallenged rats. This is also consistent with the finding that
circulating corticosterone levels were maintained at normal levels or
else modarately depressed with sublethal T-2 toxin dosages. We believe
the absence of adrenocortical activation may stum from a T-2 toxin
impairment in hypothalamic functioning since there was no histological
evidence of a disruption of microvascular elements of the adrenal or
indications of cytopathic alterations in any of the cortical zones. It
is noteworthy that zona glomerulosa (2G) cells which synthesize and
release aldosterone were hypertrophic and contained elevated RNA
levels. This ;a interpreted as reflecting a compensatory hormonal

activation of cells in response to T-2 toxin-induced hypovolamia and
hypotension. In any event, it is clear that the adrenal cortex does
not constitute & primary target site of T-2 cytotoxicity, at least with
respect to a directly mediated toxin injury to adrenocortical cell
elements. ' .

Guanvitative data were also obtained which indicate that an
importsnt asrect of acuts T-2 toxin poisoning is a degranulation of
@esentecric mast cells and a consequent release of vasoactive substances
such as heparin, histamine and serotonin. Using diminution in
metachromaric staining as an indax of the severity of degranulation it
would appesr at first that sublethal dosages (0.5 and 0.75 mg/kg) are
more efffective than lethal dosages in eliciting the relsase of
autacoids. A more plausible explanation, however, is that with lethal
dosages a high proportion of mast cells are completely degranulated and
not identifiable as mast cells since they would be indistinguishable -
.from fibroblasts using metachromatic stains. Recent studies by Yarom
et al. (21) hav# implicated massive mast cell infiltration inte
subendocardial and subpericardial regions in the pathogenesis of
ventricular myocardial fibrosis following chronic T-2 toxin poisoning.
Thus, it would #ppo‘r that in addition to direct cytotoxic injury to
endothelial cells, vascular injury stemming from autacoid-mediated
vasodilation exacerbates the extent of vascular congestion and proneness
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to hemorrhaging in various target tissues. The reported presence

of widespread focal hemorrhaging affecting many organs including the
lungs, heart, subarachnoid vessels lends support to the belief that an
anaphylactoid-type systomic response is a critically important aspect of
the pathophysiological events which precipitate cardiopulmonary failure
in mycotoxin poisonsd animals.

Although analyses of splenic and thymic responses in acute T-2
toxin challenged rats are still in progress, preliminary examination of
diZferentially stained sections have ylelded a number of interesting
results of particular relevance to the specific nature of T-2
toxin-induced immunosuppression. First, it vas observed that the extent
and severity of lesion formation is much more extensive in ths spleen
than {n the thymus. Second, lymphocytoxic alterations in the spleen
appear to primarily involve the red pulp and outer marginal zone of tho
vhite pulp region. Recent studies have shown that there is a
topographical and functional zonation of lymphoidal tissue in the spleen
with some areas containing predominantly B-type lymphocytes (red pulp)
and other areas with T-lymphocytes (inner regions of white pulp

~ surrounding the pulp artery). The designation of B or T cslls refers to

the maturation of certain lymphocytes in either the marrow or thymus
where they acquire to the potential to form antibodies or cytotoxic
lymphocytes, respectively. Thus, our data indicate that B- -dependent
spleen regions involved in mediating humoral (antibody) Jefense
mechanisns are more severely affected by acute T-2 toxin poisoning than
T-dependent regions. Interestingly, thers was no marked involution or
cell destruction evidenced in either cortical or medullary thymic
compartments in T-2 toxin treated rats. Perhaps the existence of a
blood-thymic barrier (which consists of a sheath of reticuloendothelial |
cells surrounding cortical capillaries) exerts a protective action in
cortical regions. In any c¢vent, it is clear that during the acute phase
of T-2 toxin poisoning, lymphoidal compartments primarily involved in
zediating humoral (antigen-antibody) defense mechanisms are more

' seversly compromised than the lymphocytic slements involved in cell-

mediated cytotoxic or phagocytic immune responses.

In summary, an overview of observed tissus response pltt.tnll
during acute T-2 toxin poisoning supports the following sequence of
events which eventuates in lesion formation.

(1) 1Inicially, T-2 toxin causes a disruption of the arterial-
vascular endothelium resulting in a marked influx of plasmn including
toxin into the subendothelial interstitium.

(2) Concuzrencly, :here is a marked widespread release of
vasoactive substances into interstitial compartments which intensifies
the extent of microvascular and vascular permeability changes. This is
probably mediated via a direct T-2 toxin disruption of the plasma
membrane of not only mast cells, -but also of specialized intestinal
epithelial cells (e.g., Paneth cells) resulting in a release of heparin,
histamine, serotonin and related autacoids. :
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(3) The major aites of degenerative cellular changes and necrosis which
occur subsequent to vascular congestion and edema are the germinal centers of
Peyers patches presumed to contain proliferating B-lymphocytes and crypts!l
spithelial cells of the intestine. This agrees +{:h expsctations since
tissuss with a high component of dividin; cells reportedly are most prone to
T-2 toxin-induced injury.

(6) Especially with near-lethal or lethal dosages focal, widespread
hemorrhages are evidenced in many organs including the lungs, {ntestines and
heart. Several factors probably contributs to the lowered susceptibility of
soae organs and tissues to T-2 toxin-induced cytotoxicity. For example, low
hemodynamic forces and lower susceptibility to toxin-induced injury of venous
and lymphatic channels could explain the absence of marked hepatotoxic
effects since liver parenchymal cells are bathed in an extensive matrix of
sinusoids. Also in some organs such as the thymus, a blood-thymic barrier
.probably limits the extent of T-2 toxin diffusion fro- capillaries to

adjac-ut lymphocytic compartments.

(5) With respect to the cellular mods of action of T-2 toxin, in most
of the target sitas inhibition of protein synthesis appears to be the primary
mechanism of cellular injury, since protein depletion is more severs snd
precedes suppression of RNA synthesis and/or inhibicion of chromatin template
activity. However, the cytotoxic effects of T-2 toxin on mast cells and
arterial endothelial cclls probably stem from a direct injury to the plasma
membrane.

(6) During tha acute phase of T-2 toxin poisoning, i-iunotoxic effects
appear to largely involve the suppression of humorally mediated defense
mechanisms since the onset of lesion formation is first evidenced in
B-dependent lymphatic compartment. .
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GLOSSARY

acidophilia - cytoplasamic affinity for acid dyes.

A.U. - absorbancy units. The total amount of absorbing material
(chromophors) in a nucleus or cell is generally expressed in
arbitrary photometric units and is a function of the extinction
(optical density), the measured specimen area and the extinction
coefficient of the dye used (see Bouger-Beer law of photometry).

autacoids - a functional term applied to class of diverse chemicals

produced by cells which act as vascactive mediators or inflammatory
agents; examoles include: histamine, serotounin, ptontagllndins,
leukotrienss and catscholamines.

azure B-RNA - complex of ribonucleic acid stained with the basic,

thiazine dye, azure B (C.1. 52010, Allied Chem. Corp.). Since azure
B binds to both DNA and RNA, total cellular RNA is measured
cytophotometrically after the DNA is enzymatically removed by

pretreatment of tissus sections with DNase prior to azure B staining.

azurophilia - nuclear and cytoplasmic affinity for azure B. Since
nuclear azure B staining in non-dividing cell populations remains
relatively constant and ribonucleoprotein is predominantly
responsible for cytoplasmic azure B dye uptake, cytophotometric
meazures of the intensity cf azurophilic staining can serve as

presunptive indicators of RNA alterations within tissue compartments.

BAEC - bovine aortic endothelial cells

basophilia - nuclear and cytcplasmiz affinity for basic dyes. The
substance largely responsible for basophilic stnining in the
cytoplasa is ribonuclooproccin.

Bouger-Beer law of phoco try - represents the basis for quantification.
in cytophotometry as in absorption colorimetry and is expressed as
follows: A = E = 0.D. = log (I5/Ig) = -log T = kMa = kcl, where is
the absorbancy (also referred to as extinction, E; or optical
density, 0.D.); 1, is the intensity of light after passing through
the absorbing specimen; T is the transmission; k is the specific
absorbancy of extinction coefficient of the chromophore (i.e., the
azure B-RNA or F-DNA dye complex) at the defined wavelength; M is
the mass of the chromophore in the measured field; a is the area of
the measurad cell or nucleus; ¢ is the concentration of the
chromophore; and 1 is the path length (i.a., section thickness)
through the chromophore. In tissue sections, the relative amount of
absorbing material (M) is determined from the product of the
extinction and cellular or nuclear area, {.e., M = Ea and is
conventially expressed in integrated absorbancy units (A.U.).
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In scanning methods, the incident light beam is a very small spot of
light which is moved over the entire delimited region in a raster
(flying-spot) pattern; within preset limits of the traverse, each light
absorbing spot within an incremental area of the cell or nucleus is '
successively measured and integratad.

bromophenol blus-protein - refers to the use of mercuric bromophenol staining
in the assay of protein content sinco this dys has an affinity for basic
proteins and peptides that are not removed during tissus processing.

chromatin dispersion - refers to early changes in the physicochemical state
of chromatin which presumably reflect the transformation of inactive
chromatin segments into active templates for RNA synthesis. Among the
changes in the deoxyribonucleoprotein (DNP) complex vhich reflect such
activation include: increassd susceptibility of chromatin to F-DNA acid
hydrolysis, increased affinity of nuclear DNP for basic fluorescent dyes
such as acridine orange and ethidium bromids and increase in nuclear
volume. Since such changes precede RNA and protein synthesis, such DNP
alterations reflect changes at the transcriptional lavel of cellular
functioning.

chromophore - group of atoms in dye molscule responsible for the colored
properties of the dye, i.e., the azo quinoid benzens ring in acid fuchsin
or methiyl violet. The terms "acid" or "basic” vhean applied to dyes do
not refer to the hydrogen ion concentration but on whether a significant
part of the dye is cationic (basic dye) or anionic (acid dye).

CNS - central nervous systea.

compact or condensed chromatin - refers to those segments of chromosomes that
are tightly coiled in the interphase nucleus; they are visible as more
densely stained chromatin particles using hasic dyes; such nuclei are
frequently designated as "heterochromatic” by cytolegists although the
term heterochromatin has certain connotations to cytogeneticists which
make the use of the prefixes hetero- and eu- less suitabls for describing
chromatin stainability or its appearance (see dispersed chromatin,
chromatin activation).

Coomassie brilliant blus - stain used in spectrophotometric assay of cellular
protein.

cytophotometry - (see microspectrophotometry and Bouger-Beer law of
photometry).

DNA - deoxyribonucleic acid

DNase - deoxyribonuclease, a purified enzyme available commercially and used
for preparing control slides in analysaes of F-DNA content, Feulgen acid
hydrolyzability of chromatin and in cytophotometric analysis of RNA.

DNP - deoxyribonucleoprotein complex consisting of DNA, histones and other
proteins comprising chromatin.
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F-DNA (Feulgen-DNA) content - designates the mean level of nuclear DNA

measured cytophotometrically using the Feulgen reaction.

. Diploid DNA levels in nondividing cells are conventionally
designated as containing 2C levels of DNA vhers C represents
the haploid (germ cell) content. Proliferating cell
populations in the synthsis (S) or postduplicativn (G2)
interphase stages of the mitotic cycle contain intermedliate
(3C) and tetraploid (4C) contents of F- DNA. Slight departures
from normalcy {n the mean F-DNA level of 2C cells are
attributable to alterations in the susceptibility of chromatin.
to acid hydrolysis and hence F-DNA staining.

Feulgen-DNA reactivicy (F-DNA yield) - refers to the susceptibility

of nuclear chromatin to acid hydrolysis; nuclei of
metabolically inactive cells ars generally more rasistant to
acid drolysis and exhibit a reduced intensity of Feulgen
staining compared to ‘active’ cells; hence, shifts in the
relative abundance of active to inactive cells leads to a
skewness in the F-DNA frequency distribution profile of a
population of nuclel (see chromatin dispersion, Feulgen
reaction). ‘

Feulgen reaction - reaction between colorless leucofuchsin
(leuco-Schiff Reagent, C.I. 42500, Fisher) and aldehydes in
deoxyribose which results in the formation of basic fuchsin
(magenta or purple-blus color). Thus, tissue specimens are
first hydrolyzed by HClL to free aldehydes groups of the pentose
sugar of DNA and subsequently treated with leucofuchsin. DNA
is Feulgen positive (magenta coloration); RNA is Feulgen
‘negative. : ‘

interferometry - refers to the uss of specially designed analytical’
interference microscopes such as the Mach-Zehnder Leitz
interferometer to obtain precise measurements of section
thickness within an accuracy of 0.02 um or the mass of
specified organic constituents within individual cells with a
measuring accuracy of 10°'4 g, {.e., 0.01 picogranms

.ip - refers to intraperitoneal injections.

LDgy - lethal dose fifty percent; refars to a specific dosage of a
substance or toxin which kills fifty percent of the test
.organisms within a specified time period, L.e., 24 h, 48 h or
96 h. '

metachromasia (syn. metachromasy) - refers to ability of certain
basic (cationic) dyes such as azure B, toluidine blue and
methylene blue, to stain certain tissue components with a
differant color from that of the original dye solution. Thus,
mast cell granules are colored red-purple with azure B
(metachromatic staining) whereas surrounding tissua elements
are colored blue (orthochromatic).
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microdensitomery (microspsctrophotometry) - application of spectroscopic
methods for the quantitative analysis of chemical constituents in
tissue cells. Synonyms used include: cytophotometry,
microphotometry and analytical microscopic cytochemistry or
histochemistry.

pyronin Y - a fluorescent stain which can be used for quantification of
RNA. , :

RNA - ribonucleic acid.

RNase - ribonuclease, a purified enzyme which is commercially available
' and used for preparing control slides in RNA analysis.

sMC - snboch muscle cells.

T-2 toxin - [3-d-hydroxy-4-3, 15-diacetoxy-8-a<(3-msthylbutyryloxy)-12,
13 epoxytrichothec-9-en] - a highly toxic metabolite or mycotoxin
produced by Fusarium poae, F. sporotrichioides and F. tricinctum.

zona fasciculata (7F) cells - glandular epithelial cells of middle of
adrensl cortex which synthesize and secrets glucocorticoids such as
- corticosterone; under the influence of anterior pituitaty
adrenocorticotropin.

zona glomerulosa (ZG) cells - outermost zons of adrenal cortex and 'site
' of synthesis and secretion of the mineralocorticoid, aldosterone;
regulation of aldnsterone secretion is primarily via the
renin-anglotensin system and potassium conccnttation in response to
hypovolemia and decrease in blood pressure.
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